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Part I of III Parts 
Introduction 
This report consists of a series of reports, reprints 
and preprints that in themselves constitute a self-
explanatory record of the work performed by the 
University of Toronto on the Surface Electrical Properties 
Experiment. This work may be categorized as follows. 
A. Data Handling and Processing 
Under the direction of and in cooperation with 
University personnel, the system for converting the 
analogue tape data collected on the lunar SEP experiment 
and during related field trips was designed and constructed. 
The first section of this report therefore consists of 
six major sections describing the system and its function. 
These are: 
1) Surface Electrical Properties 
Mark II Data Acquisition System by G. Wagner of 
Lockheed Electronics. 
This report describes the final system used in 
processing the lunar data. This system was modified from 
an earlier version (Mark I) which was used for processing 
data from the field evaluation model which had a 
different data and navigation system format. Complete 
design and circuit diagrams are included. 
2) From Analogue tape to digital tape by J.D. Redman 
of University of Toronto. 
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This report summarizes the actual operation of the 
data acquisition system and shows basically how we 
proceeded to produce a digitized tape from the analogue 
tape produced on the moon on the DSEA tape recorder. 
Discussions of digitizing errors, etc. are presented 
in this report as well as a detailed analysis of the 
navigation, the temperature, and calibration and 
background noise information. 
3) Science Data Processing and Digital Processing by 
R.D. Watts, University of Toronto 
This report describes in detail the process 
followed in demultiplexing the digital tape. The 
procedures to test for accuracy, the analysis of repeat 
digitizations and the mechanisms used for calibrating 
the final output and reducing the navigation data are 
included. This includes the proceedures used for producing 
the final digital tape submitted to NSSDC and shows how 
the navigation and science data were merged. 
4) Apollo 17SEP data processing and Modifications to 
data on SEP D09 
J. Rylaarsdam, University of Toronto 
In this report the proceedures used to generate 
actual plots of the lunar field data from the digital 
tapes are given and the best data for each frequency 
plotted versus range in wavelength and range in meters 
is given. 
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A correction to the final plots is given in the extra 
memo describing a smallrange error found in the high 
frequency data. These plots therefore represent the 
best estimates we now have of the final recorded field 
strengths. 
5) Comparison of SEP range data and data from the VLBI 
experiment, by J. Rylaarsdam 
During the mission, navigation data was collected 
both from the Rover on-board system and from earth-based 
VLBI tracking. These data have been processed and 
analyzed and show remarkably good agreement. 
6) SEP antenna patterns reconstructed from EP-4 turn 
J.R. Rossiter 
Since the vehicle did a complete 360° turn around 
the explosive package deployed 525 m from the transmitter, 
an attempt was made to reconstruct the antenna pattern. 
Unfortunately the sampling interval was small and there 
was some missing data in the turn so the patterns could 
not be accurately determined. We expect to improve on 
this somewhat in the future. In the meantime the 
components do tend to follow the expected lobe pattern. 
B. Theoretical and Model Studies 
As a background to the interpretation of lunar and 
field results we have been involved in a comprehensive 
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study,theoretical and model,of the magnetic fields 
surrounding an electric dipole. 
1) 
by A.P. Annan 
This report includes a complete analysis of the 
various theoretical and computational schemes devised 
to calculate field strengths. The early work was 
done by straight geometrical optics. Now however 
the schemes used involve mode analyses and numerical 
integrations for single layer cases. Multiple layers 
can be handled by fast fourier transform techniques. 
These methods have just now reached the point where 
they can be applied routinely to multiple layer 
situations. Some of the work reviewed in this report 
has paralleled efforts at M.I.T., but it is felt that 
the independent approaches to the complicated mathematics 
and programming has been warranted. 
2) Surface Electrical Properties Simulation Model 
by W.M. Waller of Lockheed Electronics 
As a test of the theoretical work, a scale model 
experiment was designed and constructed by personnel at 
Lockheed Electronics. This experiment was used to model 
layers over a perfectly reflecting bottom, layers over a 
dielectric bottom, tilted layers, scattering bodies, 
including spheres and crevasses, and antenna patterns. 
The data from this experiment have been invaluable in 
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testing out our theoretical developments and in 
confirming the nature of our observations. 
C. Reprints and Preprints 
During the cour£e of this contract, a number of 
papers describing the experiment and its application to 
glaciers and the moon have been published or accepted 
for publication. It is interesting that we appear to have 
been the first to demonstrate that sounding of temperate 
glaciers can only be done at frequencies less than 8 mhz 
because of the severe scattering problems encountered. 
We have also submitted to M.I.T. a report in the form 
of a paper which is to be incorporated in any way that 
seems appropriate in connection with a first paper to 
describe the results of the lunar experiment. 
Papers include: 
1. G. Simmons, D.W. Strangway, L. Bannister, R. Baker, 
D. Cubley, G. LaTorraca and R. Watts, The Surface 
Electrical Properties Experiment, Proc. of the Lunar 
Geophysics Conference, 258-270, Lunar Science Institute, 
Houston, Texas, 1972. 
2. A.P. Annan, Radio Interferometry Depth Sounding: 
Part I - theoretical discussion, Geophysics, 38, 557-
580, 1973. 
3. J.R. Rossiter, G.A. LaTorraca, A.P. Annan, D.W. Strangway 
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and G. Simmons, Radio Interferometry Depth Sounding: 
Part II - Experimental Results, Geophysics, 38, 
581-599, 1973. 
4. D.W. Strangway, G.Sirnrnons, G. LaTorraca, R. Watts, 
L. Bannister, R. Baker, J.D. Redman and J.R. Rossiter, 
Radio-frequency interferometry - a new technique 
for studying glaciers, Jour. of Glaciology, 13, 
123-132, 1974. 
5. A.P. Annan, W.M. Waller, D.W. Strangway, J.R. Rossiter, 
J.D. Redman and R.D. Watts, The electromagnetic 
response of a low-loss, 2-layer, dielectric earth for 
horizontal electric dipole excitation, accepted for 
publication, Geophysics. 
6. J.R. Rossiter, D.W. Strangway, A.P. Annan, R.D. Watts 
and J.D. Redman, Detection of thin layers by radio 
interferometry, accepted for publication, Geophysics. 
7. D.W. Strangway, A.P. Annan, J.D. Redman, J.R. Rossiter 
and R.D. Watts, Electrical structure at Taurus-Littrow, 
prelim. paper submitted to MIT. 
8. G. Simmons, D.W. Strangway, A.P. Annan, R. Baker, 
L. Bannister, R. Brown, W. Cooper, D. Cubley, J. de 
Bettencourt, A.W. England, J. Groener, J. Kong, 
G. LaTorraca, J. Meyer, V. Nanda, J.D. Redman, 
J.R. Rossiter, L. Tsang, J. Urner and R. Watts, Surface· 
Electrical Properties Experiment, 15-1 - 15-14, NASA 
SP-330, 1974. 
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9. R.D. Watts, Line-source radiation over a layered 
dielectric: inversion of radio interferometry data to 
be submitted in revised format to Jour. Geophys. Res. 
D. Papers in Preparation and Future Plans 
In the immediate future we plan to do the following 
i) write a comprehensive theoretical paper discussing the 
multiple-layer solutions now available and ii) using this 
theory and the electrical properties measured on lunar 
samples, prepare a paper describing a more sophisticated 
interpretation of the lunar SEP data. Should it be 
warranted we will redigitize the analoguetape and produce a 
final tape with the small amounts of missing data. 
Our interest in SEP as a terrestrial tool continues. 
Rossiter is now launching into his Ph.D. thesis work 
proper. This will involve a careful attempt at automated 
interpretation of the Juneau icefields and Athabasca data 
by spectral means. All the data from those field trips is 
available at Toronto in digital form and already various 
stripping techniques have been tried. These same approaches 
will be applied to the lunar data if it seems appropriate. 
We are also deeply involved in a new round of field 
work which has direct application to permafrost problems. 
This work is supported by the Department of Encrqy, Mines 
and Resources of the Canadian government. 
D.W. Strangway 
Chairman, Geology Department, 
University of Toronto 
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1.0 GENERAL DESCRIPTION 
1.1 PURPOSE 
The Mark II Surface Electrical Properties Experiment Data 
Acquisition System (SEP DAS) reduces data to support the SEP 
experiment flown on Apollo 17. The DAS is presented analog 
data tapes containing all experimental information. The DAS 
then digitizes the information, outputs a digital computer 
compatible magnetic tape, and in parallel, sends data to a 
Wang 700 calculator for a 11 quick look 11 analysis of the data. 
Information put into the DAS consists of two types, scientific 
and navigational. The navigational information is decoded 
and presented to the digital tape intact, while the distance 
traveled, range and bearing to the LEM, is accumulated and 
the accumulated value sent to the Wang 700. 
l .2 SEP LUNAR EQUIPMENT 
A small low power transmitter, as shown in figure l, is 
set out by the astronauts on the moon, and two crossed dipole 
antennas are also laid on the surface of the moon. The SEP 
dipoles are 70 meters tip-to-tip. 
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Astronaut Cernan~ who will set up this part of SEP on the Moon~ prac-
ticed many times on Earth. Shown her e i s the compac t SEP tmnsmi tter 
with its solar panel power source and dipole antennas deplaoyed . The 
transm-itter electronics package is covered on the bottom f ive s-tdes 
with a thermal blanket . Because the top of t he uni t i s shaded by the 
solar panel~ the uncover ed surface needs on ly a coat of t hermal paint 
to pr ovide adequate cooling for t he enclosed e l ectronics. The balance 
between heat lost to cold space by radiation and t hat generated in:;ide 
the un-tt by the e l ectr onics equipnent is very delicate and r>equ-tr>eu 
car e fu l t hermal design . 
Fi gure 1.- The SEP trans mi tter. 
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The receiver and receiving antennas shown in figure 2 
are also unpacked from the pallet on which they are carried to 
the moon. The astronauts mount both antennas on the Lunar 
Roving Vehicle (LRV). Inside the receiver there is a cassette 
magnetic tape recorder, designated the Data Storage Electronics 
Assembly (DSEA), which is returned to Earth so that the data 
can be analyzed. The DSEA is shown in figure 3 . In addition 
to the SEP data, information on the location and speed of 
the Rover, obtained from the Rover's navigation system, is 
also recorded on the tape. 
Figures 4 and 5 illustrate the equipment set out on the 
moon and show it ready for operation. 
1.3 LUNAR EQUIPMENT DESCRIPTION 
The six SEP frequencies are transmitted and received 
according to the scheme shown in figure 6. One frame, which 
is 38.6 seconds in duration, consists of six 6.4 second sub-
frames that are identical except for the receiver calibration 
and synchronization process. In subframe 1, for example, the 
receiver is calibrated at 32.1 MHz and 16 MHz; the synchroniza-
tion signal is transmitted on the NS dipole and received on 






The SEP receiver electronics 
including tape recorder and 
battery are contained in a 
nine inch box which is comp-
letely enclosed in a thermal 
blanket. Optical solar ref-
lectors, which act as one-way 
mirrorw to release internally 
generated heat into space and 
simul·i;aneously reflect sunlight 
are shown here with the thermal 
'?lanket opened. The three-
toop antenna folded during the 
journey to the Moon, is shown 
unfolded as it will be used on 
the Moon. The astronaut at 
the end of the experiment re-
moved the tape recorder from 
the box and brings it back to 
Earth. 
Figure 2. -The SEP receiver. 
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This photograph iZZustrates ho~ the astronaut wiZZ 
remove the DSEA tape reaorder from the reaeiver at 
the end of the Zast EVA for return to Earth. 
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Figure 6. -Diagram of the six SEP frequencies. 
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8.1 MHz and 4 MHz, and the synchronization signal is tran s -
mitted on the EW antenna and received on the Y antenna. Each 
experiment frequency sequence is repeated exactly as shown in 
all six subframes. Each individual experiment frequency is 
transmitted first on the NS antenna for 100 milli s econds and 
then on the EW antenna for 100 milliseconds. During each 
100 millisecond transmission interval, the receiver "looks" 
at the transmitted signal for a period of 33 milliseconds 
with each of the three orthogonal (X, Y, and Z) receiving 
loops. In addition to the above, once during each subframe 
the receiver observes environmental noise and records its 
amplitude. 
The receiver acquires the transmitter signal sequence 
automatically as long as the signal exceeds a given threshold. 
Synchronization of the receiver is accomplished when both ( or 
either) the 1 and 2.1 MHz signals exceed a given threshold . 
The loop antennas are connected sequentially to a low noise 
ampl i fier sec t ion which amplifies, converts (in frequency), 
and logarithmically compresses the amplitude of the received 
signal. A constant amplitude, variable frequency signal (in 
the band of 300 to 3000 Hz) corresponding to the logarithm of 
the received signal amplitude, is recorded on magnetic tape 
in the DSEA. The DSEA can record nearly 10 hours of data. 
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Upon completion of the experiment, the astronaut removes 
the DSEA from the receiver, as indicated in figure 3, for 
return to earth. 
1.4 DATA REDUCTION PROCEDURE 
Upon return to Earth the DSEA data tapes are demulti-
plexed, and the demultiplexed data are recorded on a LEC 
model 417 analog recorder. Refer to figure 7 for data 
stripping procedure. The three bands of frequencies con-
taining the reference clock, voltage controlled oscillator 
(VCO) data, and navigation data are filtered from the com-
posite signal and recorded on individual tracks on the LEC 
recorder. Extreme care must be taken when analyzing data 
from the DSEA recorder due to the very poor fidelity and 
tape speed fluctuations of the recorder. 
Figure 8 shows the second step in reducing the SEP data. 
The primary output of the DAS is the computer digital tape, 
for it is at this level that the detailed data analy s is is 
performed . The Wang 700 is capable of only 11 looking,. at a 
few words per frame and performing the mathematical cal cul a-
tions needed to analyze the data . 
1 . 5 NAVIGATION DATA FORMAT 
The navigational data, as mentioned above, is recorded 
on the DSEA recorder. Input data is received from the Rover' s 
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Figure 7. -Diagram of the data stripping procedure. 
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Figure 8. -Second step in SEP data reduction. 
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on-board navigational computer with the format of six parallel 
binary bits every 78.75 milliseconds. The six bits of infor-
mation are listed below: 
Bit 1 - Range plus - increase range . 1 km 
Bit 2 - Range minus - decrease range . 1 km 
Bit 3 - Bearing plus - increase bearing 1 0 
Bit 4 - Bearing minus - decrease bearing 1 0 
Bit 5 - Odometer front - 4 revolutions 1 eft front wheel 
Bit 6 - Odometer rear - 4 revolutions right rear wheel 
Bit 7 - Synchronization - always present 
The seven bits of information are accepted by th e sys t e m, 
serialized, and then converted to a frequency s hift key ( FSK) 
signal of 4175 Hz and 4625 Hz for recording. Li mitations of 
the system require that no one bit may be present for more 
than thre e consecutive data frames, with the exce ption of 
the sync bit which must be present in each f rame. Refe r to 
figure 9 for data format. 
1 - 1 3 
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Figure 9. -Navigation data format. 
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2.0 INSTALLATION AND EXTERNAL SIGNAL APPLICATION 
2.1 SYSTEM INTERCONNECTION 
Refer to the systems interconnection diagram, drawing 
#SKD-LMX-0089, in appendix A. The DAS system comprises 
three separate packages: (1) the DAS system proper, (2) an 
external fan assembly, and (3) an external 5 volt, 10 amp 
power supply. These three units are rack mounted units, to 
be mounted in a standard 19-inch relay rack. The DAS system 
must be mounted on top of the fan assembly for correct venti-
lation. A Sorensen 5-volt, 10-amp power supply is provided 
to supply power to the DAS system. Power consumption of the 
system is approximately 50 watts. Interconnection between 
the power supply and the DAS is made via terminal block J3 
as shown on rear panel drawing SKD-APX-0088. Data input 
to the DAS is made available from a LEC model 417 analog 
tape recorder. Data inputs are via RG cable to BNC connectors 
on the rear panel of the DAS, as VCO, TCD, and 5.2 kHz inputs. 
Outputs from the DAS are to a Cipher lOOH digital tape 
recorder and to a Wang 700 calculator via connectors J2 and 
Jl, respectively, on the rear panel of the DAS. Refer to 
the respective tech manuals for the LEC 417 analog recorder, 
the Cipher lOOH digital tape recorder, and the Wang 700 cal-
culator for power requirements and environmental op e r a ting 
conditions. 
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2.2 PRELIMINARY TESTING 
Before the DAS is turned on for the first time perform 
the following checks: 
1. Ensure that the ambient temperature is not greater 
than 40° C. 
2. Ensure that the fan assembly is mounted below the 
DAS and is operational. 
3. Make sure that the input signal levels conform to 
those in section 2.3. 
4. Apply power to the Sorensen 5-volt supply, and 
adjust voltage to 5 volts and the over-trip voltage 
to 5.5. 
5. Apply power to the DAS. 
6. Place the front panel peripheral control switch to 
the down position and observe the frame counter 
advancing from 1 to 32, at a rate of approximately 
10 seconds per complete cycle. 
7. Connect the DAS to the Cipher lOOH digital recorder 
and to the Wang 700 calculator. 
8. The DAS is now ready for operation. 
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2.3 INPUT AND OUTPUT SIGNAL REQUIREMENTS 
1. VCO input -The VCO input is a frequency band of 
300 to 3000 Hz. A maximum 1 volt rms signal is 
desired, however, gain controls within the DAS 
allow the signal to be .5 to 2 volts in amplitude. 
2. TCD input This is the FSK signal operating at 
either 4175 Hz or 4625 Hz at a 1 V rms level. 
3. 5.2 kHz input -This is a frequency re f erence sourc e 
and determines the stability of the data reduction 
of the DAS. Input levels should be 1 V rms. 
4. Wang 700 output -Refer to the Wang 700 calculator 
tech manual for logic level definition s . 
5. Cipher digital tape recorder output - Ref e r to the 
digital tape recorder tech manual for definition of 
all input/output signals. 
2.4 DAS PACKAGING 
The DAS is packaged in two printed circuit {pc) card 
guides with each pc card guide containing a maximum of 32 pc 
cards. The dimension of each pc card is approximat e ly 
4.5 x 6.5 inches. The pc cards are connected to a card con-
nector that is wired to the front and rear panels f or oper at or 
i nd i ca ti on and f or i nput/output. The numb ering sys tem of t he 
pc card us ed throughout th e document refers to lo cation by 
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pc card slot location and to the top rack and the bottom 
rack. For example pc card 18 would be pc card slot l located 
i n t he bottom. Integrated circuit numbers are designated 
with a prefix of U throughout all the discussions with a 
component location shown on the schematic diagram of each pc 
bo a rd type. 
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3.0 OPERATING INSTRUCTIONS 
3.1 FRONT PANEL CONTROLS 
Drawings number SKD-APX-0086 and SKD-APX-0087 give a 
pictorial representation of the location of the operator 
control switches for the top and bottom rack respectively. 
Table I lists the name and describes the function of all 
operator controls. 





The Mode Indication consists of 
4 indicator lamps on the top 
rack. Only one of the four 
lights will be turned on at any 
one time, indicating the mode of 
the receiver. 
This light, when on, indicates 
that the receiver has established 
synchronization with the trans-






This is a three position switch. 
In the top position, the DAS is 
placed in a normal operating 
mode; in the center position, 
data output to the Cipher lOOH 
digital tape recorder and to the 
Wang 700 calculator is inhibited. 
In the down position, a dummy 
start signal is provided internally 
to the DAS and may be used to check 
the basic timing and gating for 
the DAS system. 
This is a push button switch that 
when depressed will zero the Data 
memory. 
This is a push button switch that 
when depressed will cause all 
light emitting diode (LED) numeric 
displays to display the number 8, 
allowing the operator to check the 






This control consists of an 
indicator lamp and a push button. 
When the button is depressed, the 
system may be manually forced 
into the prime mode with the prime 
light on. The prime light will 
be turned on automatically at any 
time when the system automatically 
primes itself. 
The program error is a push button 
switch and an indicator light. If 
at any time the Wang 700 does not 
receive a complete transmission 
of all data from the DAS system, 
the program error will be turned 
on and may only be extinguished 
manually by depressing the program 
error push button. 
This is a two decade LED numeric 
jisplay, displaying the current 






This is two decades of thumbwheel 
selection digit switches. This 
allows the operator to select the 
frame to be displayed on the front 
panel LED display. 
This is a two decade thumbwheel 
switch setting allowing the 
operator to select an identifica-
tion number to be written on the 
digital tape for each run that 
he wishes to make. 
This is a one decade thumbwheel 
switch setting that determines 
the number of VCO cycles that 
wiil be contained within a one-
gate period. 
This is a two-decade switch 
setting that would delay the gate 
period from the start of the word 









This is a two-position selector 
switch that will select either 
one or 10 microseconds as the 
resolution of the digitization 
of the gate period. 
This selects either subframe 1 
or subframe 2 to be displayed 
on the front panel numeric displays. 
This is a three-position selector 
switch that will select words 1, 
2, or 3 to be displayed on the 
front panel numeric displays. 
This is a three-position decade 
switch allowing the operator to 
preset any range into the DAS 
system. 
This will load the preset number 
into the range accumulator. 
This allows the operator to set 







This allows the operator to load 
the preset number into the 
odometer accumulator. 
This is a two-position switch 
allowing the operator to select 
either the front wheel or the 
rear wheel to the odometer count 
accumulator. 
This is a three decade switch 
that allows the operator to preset 
any bearing into the bearing 
accumulator. 
This is a push button switch 
that allows the operator to 
set the preset bearing informa-
tion into the bearing accumulator. 
3.2 INITIAL TURN-ON 
In addition to the front panel operator controls, there 
exists on several pc cards variable functions that must be 
defined prior to system operation. These functions are 
defined by hardware jumpering of the individual pc cards or 
by switches located on the pc card itself. This function 
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once defined will remain fixed throughout all of the data 
taking procedures. 
3.2.1 The Word Start Board 
The word start board, location 2B, contains a 3-decade 
down counter that must be programmed to full count. Refer 
to figure 10 for location of the grounding straps. Each 
decade preset is performed by bussing the input 1, 2, 4, or 
8 bit to a zero or a one logical level. The correct setting 
for this board is a count of 351. This is accomplished by 
placing the appropriate jumpers between a 1, 2, 4, or 8 input 
to the counter to the appropriate zero or logical one input. 
For the 300 digit or 102 digit, the 1 input is bussed to 
logical one or the 5 volt level, the 2 input to the 5 volt 
level, the 4 and 8 inputs to a ground 1 eve 1 or logical zero. 
For the 1 0 1 , the and 4 are bussed to a logical one level 
and the 2 and 8 to a logical zero; for the 1 0 °, the l to a 
logical one level and the 2, 4, and 8 to a logical zero, 
thus giving us 351. 
3.2.2 The Data Available Signal 
The data available signal is controlled by a delay 
circuit made up of a delay one shot and a pulse shaping one 
shot. The delay one shot is set manually by resistor R4, 
as shown in figure ll, to a pulse width of 32 milliseconds. 
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Figure 10. - Location of grounding straps. 
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Figure 11.- Location of resistor R4. 
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3.2.3 Input Conditioner 
The gain of the input signals, 5.2 kHz, VCO input, and 
TCD input, must be manually set to conform to the input 
signal levels from the LEC model 417 recorder. Figure 12 
shows the location of the gain setting resistors for the 
input conditioning circuits. Monitor TPl on board 28 
adjusting R2 for a 0 to 5 volt square wave output of 5.2 kHz, 
and monitor TP2 while adjusting R8 for a 0 to 5 volt signal 
of the VCO input. Monitor TP3 while adjusting Rll for 1 
volt rms output from the input conditioner of the TCD input 
signal. 
3.2.4 FSK Board 
Refer to figure 13 with a known FSK (TCD) signal, 
monitor TP2 on board 3B while adjusting R7 for a 0 to 5 volt 
logical level output for the FSK data. And then monitor 
TP4 while adjusting RlO for a 0 to 5 volt transistor-
transistor logic (TTL) level signal that has no short pulse 
width transitions of the data. Monitor TP6 while adjusting 
Rll for an output width of 5 milliseconds. And finally 
monitor TP5 and adjust Rl5 for an output pulse width signal 




Figure 12. -Location of gain setting resistors. 
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Figure 13. - FSK board. 
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3.2.5 NAV Goard 
See figure 14. As described in section 4.3.2, two 
TCD strobe signals may be selected. This is performed by 
the selection of switch Sl as shown on figure 14. 
3.2.6 System Clock Board 
See figure 15. The system clock board, location 58 
has two possible inputs. These inputs are selected by 
hard-wired jumpers connecting either pin 3 or pin C to 
pin 1 of integrated circuit ( I C ) u 4. pin 3 being a signal 
of 88 Hz, and pin c being a signal of 5. 2 kHz. The pc 
board contains four sets of switches that gives the multi-
plication factor of the input signal. The switches are 
labeled s 1 ' S2, S3, and S4. Switch S4 gives the whole number 
multiplication factor, and switch S2, S3, and S4 gives the 
fractional multiplication factor with a limit of 1.000 to 
2.999. The output of the board is delivered from a divider 
chain that is dependent upon the input signal. If pin 3 
of the pc card or 88 Hz was selected as the input, the 
output must be jumpered such that U2 pin 12 is connected 
to U5 pin 1. If 5.2 kHz was selected as the input, then 
Ul pin 12 must be connected to U5 pin l. 
3-13 
-< N 
I s 1 I 
0 
Figure 14. - NAV board. 
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Figure 15. -System clock board. 
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Figure 16.- Wang control. 
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3.2.7 Wang Control 
See figure 16. The correct device code select configura-
tion is hard wired into the Wang control board via jumper 
wires, connecting the appropriate pins of U5 and U9 to either 
5 volts or to ground. In reference to the logical drawing 
diagram SKD-LSX-0071, the input to U5 pin 4 is from the Wang 
calculator, and pin 10 of U5 is that bit which must be wired 
to 5 volts or to ground. Corresponding to that particular 
bit from the Wang calculator such that if U5-4 from the Wang 
calculator is a logical 1 level, then pin 10 of U5 must be 
connected to +5 volts and so on for the other three pins of 
U5 and for the four pins of U9 making up an 8-level device 
code select. An additional jumper is provided in defining 
whether the device code will be a group or a group 2 command. 
By jumpering Ul6-9 to +5 volts, a group command is defined 
and by jumpering Ul6~9 to ground, a group 2 command is defined. 
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4.0 ~HEORY OF OPERATION 
4.1 GENERAL 
The apparent co i;p1 exity of the DAS can be explicated by 
examining the varicJs functions separately. In the following 
discussion, refer to the block diagram drawing #SKD-LBX-0090 
in appendix A. The data flow through the system is of two 
types, scientific and navigational. Each type of data will 
be discussed separately. 
4.2 SCIENTIFIC 
The scientific data is defined as the information con-
tained in the reference clock input and the VCO input. 
4.2. 1 Input Conditioners 
The input is converted from a variable input level to 
a square wave compatible with TTL circuits. Pc board 2-B 
performs this operation and distributes the conditioned 
data to the rest of the system. 
4.~.2 Control Timing 
Reconstruction of the basic timing sequence is performed 
by the control timing logic. Establishing the basic clock 
for the system is the f1rs t consideration. This is performed 
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by the system clock board, 5-B. Accuracy of the timing 
sequence is directly dependent upon the stability of the 
recorded reference clock and the reproducibility of the analog 
recorder. The system clock board is capable of multiplying 
the frequency of the reference clock by any number between 
1.000 and 2.999. The correct multiplier setting is approxi-
mately 2. However, unknown variables require that the correct 
setting be found by trial and error. Once the correct system 
clock frequerrcy has been determined the next step is identi-
fying the start of the VCO data stream. Refer to figure 17. 
The synchronization detector (SY.DET.) board 1-T performs this 
function by continuously searching for no transitions of the 
VCO data. Once this zero transition period for the VCO has 
been found, a pulse is generated coincident with the beginning 
of the temperature word and then delayed until the end of 
frame 32. The delayed pulse, SYDET', is then applied to the 
word start board, 2-T, generating the word times and subframe 
times. The time of each word period is a function of the 
system clock and is derived by dividing the system clock by 
a programmed number. The time of each word should be 
33.75 milliseconds. 
4-2 
SYNC TEMP MODE ANTENNA CONF 
··--
Y N C 11 
I 
Y NC 0 1 
__ ___ _] 
ACQUIRE X ANT. 0 1 s 0 
0 1 Y ANT. 1 0 
NORMAL Js I 1 ZAN T. 1 1 
WORD 1 WORD WORD WORD WORD WORD 




0= No transition of VCO data 
lc: VCO frequency of cltrrent temperatures 
Figure 17. - VCO data stream. 
4.2.3 Data Calculation 
Measurement of the VCO frequency and the reference clock 
frequency is performed by the pc boards 4-T, 5-T, 6-T, 7-T, 
8-T, 9-T, 10-T, and 11-T. The VCO frequency is measured by 
time digitizing an integral number of cycles. Front panel 
controls allow the selection of the n~mber of cycles to be 
measured (1 to 7) and the accuracy of the time period 
(1 ~sec or 10 ~sec). At the beginning of each word time, a 
gate period is enabled, and with the first positive transi-
tion of the VCO data, the gate is set. This gate is reset 
with the positive transition of N + 1 cycle of the VCO. 
The gate period is then measured by a crystal controlled 
clock of 1.0 MHz or 100.0 kHz. Counting the number of clock 
cycles contained in the gate period, results in a measure of 
time. The VCO gate period is used to generate an additional 
gate for the reference clock and is timed in the same manner 
as discussed above. During the reference clock gate period, 
the number of reference clock cycles is also counted, so 
that an accurate measurement of the reference clock frequency 
can be made. 
4.2.4 Data Multiplexing 
All data collected from the VCO input and the accumulated 
values of the navigational data are routed through the 
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multiplexer to the memory. The multiplexer has three inputs: 
VCO data, navigational data, and general housekeeping data. 
Refer to Table II for time and definitions of the inputs. 
Pc boards 12-T through 27-T, 7-B, and 8-B comprise the com-
plete multiplexer. Data is gated through one of three sets 
of four data input/output (I/0) boards with the COM signals , 
and is stored in the four data buff boards as 48 parallel 
data bits. The two 2 x 12 MPXR boards (7-B and 8-B) break 
the 48-bit word into two 24-bit bytes, such that with each 
data transmission there exists two serial (by byte) 24-bit 
bytes for storage into the memory. 
4.2.5 Data Memory 
The memory consists of a series/parallel network of 
first-in-first-out (FIFO) shift registers configured as a 
24 by 390 bit memory array. Six pc boards (9-B-14-B) are 
used to make up the Data Memory. Control of the memory is 
accomplished by pc card 6-B, MEM IN CONT. Assuming that the 
memory is initially cleared, data is first stored at SY.DET. 
time with 380 stores per frame. As data is placed into the 
memory it is automatically stacked into sequential 24-bit 
bytes. Beginning with the next SY.DET. pulse the previously 
stored data is shifted out of the memory byte serially under 
the control of pc Board 21-B, MEM OUT CONT, and presented to 
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the Wang 700 and digital tape interface logic. The MEM OUT 
CONT board 11 looks 11 at the 379th byte and checks four unique 
bits for correctness, and if this test fails, it will place 
the system in the Prime Mode resynchronizing to the next 
sync time. 
4.2.6 Wang 700 Control 
All information from the Data Memory is presented to a 
Wang 700 calculator for real time processing. It is impor-
tant to note that the Wang cannot be interrupted by any 
external equipment, therefore, the stored program must be 
such that the Wang is waiting for data input. Pc cards 15-B 
and 16-B contain logic for the interface between the DAS and 
the Wang calculator. The logic is designed such that the 
Wang must have requested data before the data has started 
to shift out. The stored data is sent to the Wang calculator 
as 6 binary coded decimal (BCD) digits. The calculator then 
has 2 milliseconds to request another data word without 
losing any information. Complete data transfer is accom-
plished in approximately 3 seconds, leaving an additional 
3 seconds for manipulation before the next data block is 
ready for output. 
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TABLE II. - TIME AND DEFINITION OF INPUTS 
Commutation Times 
COM 1 - 1 - 1 to 32 - 1 - 2* 
COM 2 32 - - 3 
COM 3 32 - 2 - to 32 - 2 - 2 
COM 4 32 - 2 - 3 
*All frame, subframe, and word times 














_ VCO gate period, refer -
ence clock gate period, 
reference clock cycl es . 
_ Acc umulat ed val ues of 
range, be a ring, odometer. 
_ VCO cycles, gate del ay, 
RCVR conf., mode, prime, 
run no., Wang 700 sync. 
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4.3 NAVIGATION 
Navigational data and timing information are contained 
in one data channel, TCD. The TCD input is brought into the 
DAS via the input conditioner board and is then distributed 
to other circuits within the DAS. 
4.3. 1 Data Reconstruction 
Pc board 3-B receives the TCD data and converts the 
signal to a TTL compatible signal. The navigational data is 
contained in the FSK signal of 4175 and 4625 hertz repre-
senting a logical 11 one 11 and "zero 11 respectively. To decode 
the FSK signal a phase lock loop system is employed to track 
the two frequencies and detect the change in frequency. The 
detected signal is then passed through a Schmitt trigger 
circuit to shape it and is then presented to the system as a 
serial pulse code modulated (PCM) signal. 
4.3.2 Synchronization 
Synchronization of the PCM signal is performed by pc 
board 4-B. Once the data is synchronized to an internal 
clock the six bits of data are brought out on parallel lines 
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for storage into the NAV Memory which is similar to the Data 
Memory. There are two modes of operation for storing the 
NAV Data: 
1. The system will "look" for the sync pulse, lock into 
the data, and output the six bits of information 
each time sync is established. This mode has the 
disadvantage of losing information if sync is lost 
for the period of time required to reestablish sync. 
2. The second mode of operation will output data every 
six-bit times. The disadvantage here is that the bit 
position value is lost and detailed analysis of the 
data is required to recover the information. Since 
each navigational data frame contains six bits of 
data plus one bit of sync (seven bits total), and since 
there are only six output data lines, the data is 
rotating on the lines due to the sync pulse being 
brought out along with the data. 
In addition to the above, a synchronized frequency of 
approximately 88.8 Hz is available to develop the system 
clock. 
4.3.3 NAV Memory 
The NAV memory pc card, 18-8, is interchangeable with 
any of the data memory cards. Only six of the possible 
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eight parallel inputs are used and the memory is only 195 bytes 
deep resulting in a 6 x 195 bit memory. Data input to the 
memory is controlled by pc card 6-B, MEM IN CONT. which 
stores each six bits of data as it is presented by the NAV 
board, 4-B. The stored data of the Nav Memory is read out 
under control of the MEM OUT CONT board, 21-B, at the end 
of each readout cycle of the Data Memory. It is important 
to note that the Prime Mode does not clear the NAV Memory. 
However, the NAV Memory can accumulate approximately 15 sec-
onds of data, which allows the system to miss one complete 
data block without the loss of any navigational information. 
4.3.4 Navigation Accumulators 
Range, bearing, and odometer information from the 
navigational channel is accumulated in three separate scalers, 
displayed on front panel numeric readouts, and used as an 
input to the Data Memory. The range and bearing scalers 
will either count up one with an increment pulse or count 
down one with a decrement pulse with a capacity of 3 full 
decades. A front panel selection switch selects either the 
front or rear LRV wheel for input to a six-decade scaler to 
accumulate the odometer pulses. All three sets of scalers 
may be preset to any number from the front panel controls. 
One add i tional scaler is used to count the navigational data 
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transfers from the navigational memory during the data taking 
period. This count is then transferred to digital tape, 
allowing the program to look at the correct number of navi-
gational transfers stored on digital tape. 
4.4 DIGITAL TAPE OUTPUT 
All data processed by the DAS is digitally recorded on 
a Cipher lOOH, seven-track, 556 BPI digital recorder. For com-
plete operating procedures for the recorder refer to the 
tech manual for the Cipher lOOH recorder. Table III gives 
the format of each record on the digital tape and lists the 
sequential steps as they would occur on the tape. All steps 
of the tape consist of a seven-bit byte where one track, C, is 
the lateral odd parity bit as generated by the digital 
recorder. Except for the navigational data all of the steps 
consist of a BCD digit located in tracks l, 2, 4, and 8 with 
tracks A and B suppressed to zero. The navigational data is 
recorded in six-bit bytes on tracks l, 2, 4, 8, A, and B for 
195 steps of the recorder. Each of the recorded records 
contains all the information in one 32-frame data block. 
Table III also describes the format of the data sent to 
the Wang 700 calculator. The data is sent to the calculator 
in groups of six BCD digits per transfer simultaneously with 
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TABLE III. - TAPE FORMAT AND SEQUENTIAL STEPS 
REPEATS 188 TIMES 
v 1 , v2, v3, v4' v5, = vco duration 
R2' R3, R4, Rs, = 5.2 kHz duration 
N 1 ' N2, N3 = 5. 2 kHz cycles 
Rl must be inferred to equal v 1 • 
R1 , R2, R3 = Accumulated range 
B1 , s2 , B3 = Accumulated bearing 
G = vco gate cycles 
D 1 ' 02 = Gate delay X . 1 milliseconds 
R 1 , R2 = Run number 
s = Sync status (DAS Resync) 
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TABLE III. -TAPE FORMAT AND SEQUENTIAL STEPS - Continued 
T1 , T2 , T3 = Relative elapsed time 
x • 1 seconds 
W =Wang sync= ll{lO} = 13{B} 
C = Receiver resync 
M = Receiver mode 
Navigation Data 
Di = 86 , 85 , B4 , 83 , 82 , B1 
Where Bi are NAV bits 
N1 , N2 , N3 =Number of significant 
D i Is 
DAS resync - 1 = Resync successful 
0 = Resync not successful 
Receiver resync - 1 = Resync successful 
Receiver mode 
M=OYXM 
0 = Resync not successful 
Receiver mode 1 
Receiver mode 2 
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M = 1 
M = o 
TABLE I I I. - TAPE FORMAT AND SEQUENTIAL STEPS - Concluded 
X ant. on x = 0 ' v = 1 
y ant. on x 1 ' v = 0 
z ant. on x = 1 , v = 1 
Note that RCVR MODE 2 indication i s wrong if receiver resync 
was successful. RCVR will go into MODE 1. 
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the data transfer to the digital recorder, but stopping at 
the beginning of the navigational data. 
4.5 DETAILED CIRCUIT DESCRIPTION 
The following discussions will describe the operation 
of each type of pc card used in the DAS. Where more than 
one card of the same type is used in the system, only the 
logical function of that card will be discussed. Appendix 8 
contains pin number assignments for each pc card in the sys-
tem, and appendix A contains the detailed logic schematics. 
4.5. 1 Input Conditioner, Location 2-B, 
Drawing #SKD-LSX-0073 
All inputs to the DAS are first brought into this board 
before being distributed to the rest of the system. The 
reference frequency, VCO, and an optional time input use 
the same type of circuit. Operation of only one of these 
channels will be discussed. The input signal is first ac 
coupled with a low frequency cut off of about 10 Hz to a 
linear operational amplifier with a manually controlled gain. 
The amplified signal is then presented to a bipolar Schmitt 
trigger circuit with a hysteresis of ±2 volts producing an 
output that is TTL level compatible. The TCD input is s irnilar 
to the above operation with the exc e ption that i s i s noL 
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passed through a Schmitt trigger circuit. Power of ~ 12 volts 
f or the circuits is produced by an onboard de/de converter. 
4.5.2 Sync Det, Location 1-T, 
Drawing #SKD-LSX-0091 
Initial system synchronization and resynchronization at 
the beginning of each data block is performed by this board. 
The system is placed in a search mode by depressing the 
front panel Prime switch, in doing this flip/flop (F/F) U9-12 
is set, priming the system. F/F Ul3-3, Prime, enables 0/S Ul 
through U9-8 and 0/S U2 through U6-3, allowing the 2 one-shots 
to detect the presence of a VCO input signal and to double 
its frequency through OR gate U5-6. Ic•s U3 and U4 form a 
down counter, counting down a count equal to 15.4 milli-
seconds by the system clock 10.4 kHz. VCO transitions con-
tinuously preset a count into U3 and U4 preventing them from 
counting down. If the VCO is absent for a period of 
15.4 milliseconds, the first synchronization point on the 
data block is assumed to be present and U3 and U4 gives an 
output setting F/F U8-6. F/F U8-6 gives an output signal, 
Sync Status, informing the system that sync has been estab-
lished and it also enables AND gate U7-11. The next tran-
sition of the VCO will occur at the beginning of the second 
word of the first subframe of frame 32. AND gate U7-11 
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allows this transition to set F/F U7-6. F/F U7-6 then 
enables AND gate U6-6 allowing the down counter made up of 
Ul4, Ul5, and Ul6 to be clocked by the system clock, 
10.4 kHz, for a period of 169 milliseconds or the five 
remaining word times in frame 32. At the completion of the 
169 milliseconds, the carry from the down counter is supplied 
to the system by OR gate Ul3-8 as the term SY.DET., also 
one-shot (0/S) Ul2 is triggered to reinitialize the circuit. 
The system is now in the sync with the data. Sync is 
reestablished every frame 32, subframe 1, word times 1 and 
2 by AND gates U5-12 and U5-8 in the same manner as dis-
cussed above. AND gate U9-6 recognizes frame 32, subframe 2, 
word 3 time and inverter Ul3-ll produces a pulse coincident 
with the trailing edge and presents it to the system as 
SY.DET. if sync was not established. Counter UlO detects 
the second false SY.DET. signal and automatically places the 
system into the Prime mode. 
4.5.3 Word Start, Location 2-T, 
Drawing #SKD-LSX-0060 
As described above the data block is divided into 
32 frames with each frame having two subframes and each sub-
frame containing three word times. For simplicity we will 
describe a particular word as 7-2-1 where this would be 
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frame 7, subframe 2, and word 1. This board develops a 
timing pulse that denotes the start of each word time and 
discrete levels corresponding to the individual word times 
and subframe times. SY.DET. (1) resets a modulus 3 counter, 
UlO, to zero which is decoded by one-of-ten decoder, U7, 
supplying word 1 to the system via U4-12, (2) triggers 0/S 
Ull with the trailing edge which in turn resets F/F U9 sup-
plying subframe 1 at U9-14, (3) supplies the first Word 
Start signal via OR gate U2-6, and (4) sets F/F Ul-8. F/F 
Ul-8 enables AND gate Ul-6 supplying system clock, 10.4 kHz, 
to a modulus 351 counter consisting of U3, US, and U8. The 
modulus 351 counter supplies an output every 33.75 milli-
seconds through OR gate U2-6 as Word Start and also incre-
ments the modulus 3 counter, UlO. Decoder U7 decodes the 
three states of UlO as word 1, 2, and 3 and, at the end of 
word 3 time, toggles F/F U9 indicating a change between 
subframe 1 and 2. If at any time Prime occurs, F/F Ul-8 is 
reset halting the generation of further timing signals until 
the next SY.DET. 
4.5.4 Frame Decode, Location 3-T, 
Drawing #SKD-LSX-0092 
Thirty two discrete outputs are supplied to the system 
corresponding to each of the frame times. A one-of-thirty-
two decoder is used to accomplish this. The trailing edge 
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of SY.DET . fires 0/S U2 which in turn resets counters U5 
and U3. 0/S Ul recognizes the trailing edge of subframe 2 
pr oducing a pulse that is counted by U5 and U3. Two one-of-
sixteen decoders, U7 and U6, wired in parallel decodes 
32 discretes states of the counter producing the unique 
output levels for each frame time. 
4.5.5 VCO Gate, Location 4-T , 
Drawing #SKD-LSX-0093 
It is desired to generate a time period within each 
word time of an exact integral number of VCO cycles delayed 
from the start of the word time by a programmable amount. 
To accomplish this, Word Start sets F/F Ul0-8 enabling AND 
gate Ul0-6 and releasing a reset from delay time counter 
consisting of U8 and U9. AND gate Ul0-6 then supplies a 
10 kHz clock to the counter U9, counting at one count per 
0.1 millisecond. Digital comparators Ul3 and Ul2 compare the 
number in the delay counter to a front panel selected delay 
between 0.1 and 9.9 milliseconds giving an output when the 
numbers match at AND gate Ul4-6, which then fires 0/S Ul5 
resetting F/F Ul0-8 preparing the delay counter network for 
the next Word Start, and sets F/F U2-6 enabling AND gate 
U5-11. 0/S Ull detects the leading edge of each VCO cycle 
and produces a 100 nanosecond pulse setting F/F U2-ll via 
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U5-8, allowing the cycle counter to count the VCO cycles. 
The count contained in the cycle counter is compared by a 
digital comparator, U4, to a front panel selection of the 
number of cycles to be contained within the gate period. 
When the correct number of VCO cycles are obtained, 0/S U3 
is triggered via AND gate U5-3 resetting F/F's U2-ll and 
U2-6. F/F U2-ll now has been set and reset within each word 
time such that the set period is that of a selected integral 
number of VCO cycles. This period is presented to the sys-
tem as VCO gate by OR gate U5-6 via AND gate U6-8. To 
insure that a gate period will exist during word times 
32-1-1 and 32-l-3 through 32-2-3 when it is possible that no 
VCO transitions will occur, AND gate U6-8 is inhibited and 
AND gate U6-ll is enabled during these times allowing the 
gate delay period to act as a VCO gate through OR gate U5-6. 
Gates U6-6 and U6-3 decode that section of frame 32 as 
described above. 
4.5.6 Data Available, Location 5-T, 
Drawing #SKD-LSX-0094 
To establish a measurement of the reference frequency 
at the same time that the VCO frequency is measured a 
5.2 gate period is generated by the VCO gate. 0/S U5 detects 
the leading edge of each cycle of the 5200Hz, F ref., 
4-20 
generating a pulse of 60 nanoseconds, and supplies these 
pulses to one of the two inputs of AND gates U2-3 and U2-6. 
The VCO gate enables AND gate U2-3 and the complement of 
the VCO gate enables AND gate U2-6. With AND gate U2-3 
enabled, the first 5200 Hz cycle will set F/F Ul-6 which is 
reset then at the first cycle after the VCO gate period is 
over by AND gate U2-6, thus giving a 5.2 gate period of 
approximately the same period and time as the VCO gate. 
The 5.2 gate F/F Ul-6 then enables AND gate Ul-11 giving an 
integral number of 5200 cycles to the counters. Knowing 
the number of 5200 cycles and the period, an accurate calcu-
lation of the frequency can be made. Also if the F ref. is 
a stable source the tape speed error can be calculated and 
subtracted from the VCO data measurements. Word Start 
triggers 0/S U4 delaying the pulse by a manually controlled 
delay that should be set to approximately 30 milliseconds. 
The trailing edge of 0/S U4 triggers 0/S U3 producing a 
1 microsecond pulse, Data Avail • and its complement, flagging 
the system that data has been processed and is available for 
storage. 
4.5.7 Clock Counter, Location 6-T, 7-T, 8-T, 9-T, 
Drawing #SKD-LSX-0095 
This pc card was designed as a general purpose counter, 
therefore, this discussion will refer to general operation 
4-21 
and section 5.2 will have to be consulted for pin number 
assignments. AND gate U2-3 is enabled by one of its inputs 
while the signal to be counted is applied to the other input. 
Normally the VCO gate or the 5.2 gate will be the enabling 
signal and a front panel selectable 100kHz or 1 Mhz will 
be the signal to be counted, or the 5.2 kHz will be the 
signal to be counted. In the case of the VCO gate and a 
1 MHz signal, the count contained in the counter would 
equal the period of the VCO gate in microseconds. Knowing 
the number of VCO cycles that are in the VCO gate period, 
the frequency of a particular word time can be computed by 
dividing the number of cycles by the measured time of that 
period. At the beginning of each word time the signal Word 
Start triggers 0/S U4 resetting the counter to zero. 
4.5.8 Data Strobe, Location 11-T, 
Drawing #SKD-LSX-0097 
As described in section 4.2.4 there exists three types of 
data multiplexed through the system. Refer to Table II for 
exact word times, definitions, and functions controlled by 
the three COM levels. Each of the three unique COM levels 
enables a set of two input AND gates allowing a particular 
data function through the multiplexer. AND gate Ul-12 
decodes word time 1-1-1 which is then inverted by U2-8 
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resetting counter U2. One-of-ten decoder U6 decodes the 
count contained in the counter U7, where the count of 0, l, 
and 2 are decoded, inverted by U5-6, U5-4, and U5-2 and pre-
sented to the multiplexer as COM 1, COM 2, and COM 4 respec-
tively. AND gate Ul-8 detects word time 32-l-3 and AND Ul-6 
detects word time 32-2-3. OR gate U2-3 OR's these two sig-
nals together advancing the counter U7 to the counts of l 
and 2. AND gate U2-ll develops 188 strobe pulses by AND'ing 
COM and Data Avail'. AND gate U4-6 develops l strobe 
pulse with COM 2 and the leading edge of word time 32-1-3 
detected by 0/S U3. AND gate U4-8 produces l strobe pulse 
with COM 4 and COM 4 Strobe. OR gate U4-12 OR's these 
three signals producing 190 Data Strobe signals to the sys-
tem as data transfer signals. 
4.5.9 Data I/0 Location 12-T, 13-T, 14-T, 16-T, 
17-T, 18-T, 20-T, 21-T, 22-T, 24-T, 25-T, 26-T, 
Drawing #SKD-LSX-0068 
The multiplexer consists of three sets of four each of 
these pc cards. Refer to appendix B for the pin assignment 
versus function on each pc card. There are 12-2 input AND 
gates with l input of each gate common serving as an enable 
line. Each of the gates are of the open collector type and 
may be wired OR'ed . ~hen a set of gates is selected the 
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the output is the ONE•s compliment of the input. Drivers U2-6 
and U2-8 enables the AND gates with a logical one input level. 
4.5.10 Data Buff, Location 15-T, 19-T, 23-T, 24-T, 
Drawing #SKD-LSX-0069 
Data from the multiplexer is temporarily stored in the 
four Data Buff pc cards. Refer to appendix B for pin number 
versus function of each card. The data strobe pulses from 
the Data Strobe card, section 4.5.8, provides a load pulse 
via drivers U2-6 and U2-8 to three four-bit latches. Each of 
the latches will hold the information present on the inputs 
with the high to low transition of the data strobe pulse. 
Pull-up resistors are provided for each of the 12 inputs 
that may be used as terminating resistors when the latches 
are fed by open collector type circuits. The output is 
presented as the ONE•s compliment of the input data. 
4.5. 11 Mode Detect, Location 10-T, 
Drawing #SKD-LSX-0096 
The mode of operation of the SEP receiver is determined 
by the Mode Detect card. In referring to figure 4.2. 1, it 
is seen that word times 32-1-3, 32-2-1, 2, and 3 contains 
the information in question. Word time 32-1-3 contains the 
primary mode of the receiver where the normal mode, MODE 1, 
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is the data taking mode, and the acquire mode, MODE 2, is 
the search mode to obtain receiver lock. Word times 32-2-1 
and 2 specify the antenna, X, Y, or Z, that the receiver is 
utilizing to obtain sync. Word time 32-2-3 contains infor-
mation as to the sync status of the receiver. The four word 
times, 32-1-3, 32-2-1, 32-2-2, and 32-2-3, are detected by 
AND gates U4-8, U7-l2, U7-8, and U7-6, respectively. OR 
gate U4-6 and the respective R-C differentiators detect the 
leading edge of each of the four word times and then sets 
F/F Ul-8 via inverter U9-12. F/F Ul-8 enables AND gate Ul-3 
supplying the system clock, 10.4 kHz, to counter U2 and U3. 
The counter of U2 and U3 supplies a set and re set pulse to 
F/F U6-6. U3-8, the set pulse, occurs 12.5 milliseconds after 
the start of each word and U3-ll, the reset pulse, occurs 
25 milliseconds after the start of each of the four word 
times. F/F U6-6 is now set for 12.5 milliseconds in the 
center of each of the four word times enabling AND U6-8 
allowing any VCO transitions present during a particular word 
time to shift shift register Ul2. Shift register Ul2 will 
shift in "ONE's" flooding the register with "ONE's" until 
it overflows after four transitions of the VCO if the VCO 
signal is present. This circuit acts as a noise filter for 
spurious transitions. The overflow from the shift re g i ste r 
sets F/F Ull-10 via AND gate U5-10 enabled by word time 32-1-3 
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from AND gate U4-8. The above argument is valid for detecting 
a "ONE" during word times 32-2-1, 32-2-2, and 32-2-3 by F/F 
US-4 and AND gate US-13, F/F U8-10 and AND gate U8-l, and 
F/F Ull-1 and AND gate U8-4 respectively. The outputs of 
the four flip/flops are presented to the output via the 
multiplexer as MDWD 1, MDWD 2, MDWD 4, and MDWD 8 for decoding 
by WANG 700 calculator. In addition to the above, the four 
flip/flops are decoded by the one-of-ten decoder UlO to drive 
front panel indicator lights. 
4.S. 12 Frame Counter, Location 28-T, 
Drawing #SKD-LSX-0098 
All DAS processed data for one word time may be dis-
played on the front panel by selecting the Frame, Sub-Frame, 
and Word Number manually by front panel selectors. 0/S U7 
recognizes SY.DET. via inverter U4-12 resetting the frame 
counter US and U6. The frame counter US and U6 outputs are 
also presented to front panel LED numeric displays as well 
as the digital comparator Ul and U2. Front panel selector 
switches select one of the three word times and one of the 
two subframe times enabling AND gate U3-8. The digital com-
parator Ul and U2 compares the front panel selection of the 
frame desired and the frame number as derived from the 
counter US and U6. The data strobe pulse enables the digital 
comparator each word time, fully enabling AND gate U3-10. 
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AND gate U3-10's output, Data Display, is inverted by 
inverter U4-10 and used as a strobe pulse to a LED numeric 
display card to load the data from the multiplexer at the 
desired word time for front panel display. 
4.5. 13 Driver Inverter, Location 29-T, 
Drawing #SKD-LSX-0099 
Three inverting/driving integrated circuits make up the 
power inverter pc card. Ul is of the inverting, open col-
lector, high current type; U2 is a standard TTL inverter 
type, and U3 is noninverting, open collector, high current 
type. The high current drivers are used to drive front panel 
indicators and U2 is used for logic level inverters. 
4.5. 14 Crystal Clock, Location lB, 
Drawing #SKD-LSX-0101 
The crystal clock pc card is a dual purpose card, it 
produces eight decades of TTL level square wave frequency 
sources. The primary frequency source is a crystal con-
trolled 10 MHz oscillator consisting of UlO. UlO is an 
integrated circuit VCO configured such that voltage divider 
Rl and R2 applied to pin 2 of UlO sets the free running fre-
quency to approximateiy 10 MHz. C3 and crystal Yl then 
locks UlO into a crystal source of 10 MHz. UlO pin 6 is an 
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output of 10 MHz which is then divided by 10 consecutively 
by U9, U8, U7, U6, US, Ul, U2, and U3, for an output of 
1 MHz, 100, 10, and l kHz, 100, 10, and 1 Hz respectively. 
U3 pin 11 triggers one shot U4 producing a pulse width of 
approximately 1 microsecond at a rate of .1 Hz. 
4.5. 15 FSK Board, Location 3-B, 
Drawing #SKD-LSX-0102 
The raw navigation FSK signal is decoded by the FSK 
board to a TTL level compatible PCM data strain. The decoding 
of the data is performed in three steps: (1) the initial 
decoding of the FSK signal by a phase lock loop system, 
(2) integrating to eliminate narrow pulse widths from the 
phase lock loop system, and (3) finally by pulse width discrim-
inating to insure that false pulse triggers do not trigger the 
decoding of the navigational data. A phase lock loop inte-
grated circuit Ul is utilized to track the FSK input signal; 
resistor R7 is set such that the free running frequency of 
the phase lock loop integrated circuit Ul is approximately 
4300 Hz. Pin 8 of Ul delivers either a 0 volt or a +5 volt 
output depending on the input. The output will be zero volts 
with an input of 4625 Hz or a logical zero, and +5 volts for an 
input frequency of 4175 Hz or a logical one input. This 
signal may be observed at TP2. Due to the characteristics 
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of the phase lock loop system, and the instability of the 
DSEA recorder, there exists many short frequency deviations 
through the system. To eliminate these signals an operational 
amplifier U2 connected as an integrator with an integration 
period of approximately 1 millisecond is utilized to elim-
inate the short duration pulses. The output of the inte-
grator is delivered to amplifier U5 which offsets the output 
of the integrator such that the signal now appears as a 
sine wave about 0 volts, with a peak-to-peak amplitude of 
approximately 10 volts. This signal may be observed at TP3. 
U4 is a Schmitt trigger with a hysteresis of approximately 
2 volts or ±1 volt. The output of Schmitt trigger U4 
develops a compatible TTL level signal which is then inverted 
by inverter U7-ll. The output of inverter U7-ll now has the 
appearance of a serial PCM data stream. However, again due 
to the instability of the DSEA recorder there may exist false 
logic levels, from the OSEA recorder. These signals are 
further discriminated by a pulse width discrimination circuit, 
such that the minimum pulse width recognized by the system 
must be at least 5 milliseconds or greater in length. The 
correct data format may be observed in figure 9. The 
output of inverter U7-ll enables AND gate U7-3. One shot 
U-12 recognizes the leading edge of the output of inverter 
U7-ll. One shot U-12 is manually set for approximately 
5 milliseconds by resistor Rll. At the end of the 
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5 milliseconds or the trailing edge of the pulse from one 
shot Ul2, one shot UlO triggers, allowing the output to pass 
through AND gate U7-3 setting flip/flop U9-ll and also firing 
one shot U5-6. OR gate U9-8 passes the signals of both F/F 
U9-ll and one shot U5-6 . One shot US-6 is set such that the 
output pulse width is 7 mill i seconds long insuring that 
if any pulse is detected that a minimum pulse width at the 
output of OR gate U9-8 will be at least 7 milliseconds 
in duration. The output of inverter U7-ll also triggers one 
shot U8 at the trailing edge time. The pulse width of one 
shot U8 is manually controlled by resistor Rl5 and is set 
for approximately 5 milliseconds so that at the end of the 
5 milliseconds one shot U6 is triggered. If AND gate U7-6 
has been enabled by inverter U7-8 which is the inversion of 
the non-return-to- z ero (NRZ) data from inverter U7-ll or if 
the data is not present then flip/flop U9-ll is reset. Flip/ 
flop U9-11 has now been set and reset. The pulse width of 
F/F U9-11 is the NRZ data from the inverter U7-11 delayed 
by approximately 5 milliseconds. Thi s insures that the data 
i s present for 5 milliseconds from the leading edge of th e 
firing of one shot Ul2 and has been absent for at least 
5 mi lli s econds after the firing of one shot U9. In this 
ma nn e r any puls e width of l e ss than 5 milliseconds has bee n 
e l imi nat ed. The output of OR gate U9-8 may be observed a t 
TP7 wh i ch represents the true PCM navigational data stream. 
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4.5.16 NAV Board, Location 4-B, 
Drawing #SKD-LSX-0103 
The serial PCM data stream from the FSK board is decoded 
and converted from a serial to a parallel format. An 88.8 Hz 
clock that may be used to develop the system clock is also 
provided. To convert the PCM serial stream to a parallel 
format, an internal clock must be first synchronized to the 
PCM data strain. This is performed by synchronizing a much 
higher frequency oscillator to the phase of the PCM data. 
UlO forms a crystal controlled oscillator operating at a 
frequency of 364.089 kHz which is a multiple of 88.8 Hz. 
The output of Ul0-8 is buffered by inverter Ul0-10 and is 
continuously divided by 4,096 by counters Ul3, Ul2, and U9. 
With the positive transition of each PCM data transmission, 
one shot Ull is triggered producing a pulse width of approxi-
mately 80 nanoseconds which then resets the dividing counter 
Ul3, Ul2, and U9 forcing the output of U9-7 to a zero. Con-
currently, with this the positive transition of the PCM data 
stream is presented to D-flip/flop U8- 2, with the clock being 
provided by counter U9 - 7. D- flip/flop U8 shifts wi th the 
positive transition of its clock input. With the counter 
now set to zero and the output of counter U9-7 being a 
division of 364.89 kHz down to 88.8 Hz (whi c h i s the frequency 
of the PCM data) it is known that in l/ 2 of a bit time the 
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clock will change from zero to a positive 1 level, thus 
shifting in the PCM data into the D-flip/flop U8-5. Now 
the clock from counter U9-7 has a phase that i s changed to 
that of the incoming PCM data stream and with each succeeding 
PCM positive transition one shot Ull triggers resetting the 
counter reestablishing the correct phase of the internal 
clock to the D-flip/flop U8. The clock then is presented 
to a shift register U5, Ul, and U4 along with the synchron-
ized data from the D-flip/flop U8-5. AND gate U6-6 decodes 
the four sync pulse levels that must be present . These are 
decoded from the shift register U4-13, U4-3, Ul-4, U5-5. 
If the four sync pulses are present, U6-6 will produce an 
output, which is then inverted by Ul0-4 and partially 
enables AND gate U6-8. AND gate U6-8 then decodes multiples 
of the 88.8 Hz to develop a strobe pulse that is located in 
the center of a PCM data bit time. The output of AND gate 
U6-8 is then presented as an input to one switch position of 
Sl as a TCD strobe signal. This strobe signal is used as a 
strobe to load the NAV data into a memory and to count the 
transfers of TCD data into memory. During the TCD strobe, 
shift register U4 contains the six bits of navigational 
information. In coincidence with the TCD strobe signal the 
parallel data will be present on the output of shift register 
U4 as the range pl us, range minus, bearing plus, bearing minus, 
odometer front and odomete~ rear wheel pulses. One additional 
4-32 
feature that has been added to the NAV board is made up of 
counter U7. Counter U7 is simply a modulus 6 counter, 
counting the output of the clock and dividing this signal by 
6. With each sixth clock signal, one shot U3-6 is triggered. 
The output of U6 is presented to one side of switch Sl and 
if selected is presented as the TCD strobe signal. This 
signal is used again to strobe six bits of information from 
shift register U4 as range plus, range minus, bearing plus, 
bearing minus, odometer front, odometer rear to the naviga-
tional memory and display circuits. The difference here 
is that the synchronization pulses are also presented to 
the system. The format of the output of the shift register 
U4 is non-repetitive in that one cannot predict the location 
of the sync pulse. However, all information is stored in 
the navigational memory and later written onto digital 
magnetic tape. Detailed computer analysis of the system can 
completely reformat the data and through programmed digital 
filtering techniques may better reestablish the true naviga-
tional data format. 
4.5. 17 Systems Clock, Location 5-B, 
Drawing #SKD-LSX-0104 
System timing is developed for the entire DAS system 
by the system clock board from one of two possible sources: 
(1) 5.2 kHz referenced frequency input or (2) TCD clock 88.8 Hz 
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synchronized to the NAV data. Basic system clock frequency 
is 10.4 kHz. To multiply the input to 10.4 kHz a frequency 
synthesizer using a programmable phase lock loop system is 
utilized. The input to the system is determined by a jumper 
on the pc card. The TCD clock, 88.8 Hz is present at pin 3 
of the pc card and the 5.2 kHz is present at pin C. By 
jumpering one of the two pins to pin 1 of U4 the selection 
is made. U4 is an integrated circuit phase comparator, with 
transistor Ql and amplifier U4 pin 8 a low pass filter is 
formed supplying a de voltage to the voltage controlled 
oscillator U6. U6 is set to a nominal free running fre-
quency of 10 MHz by the feedback capacitor C24. The output 
of the VCO U6 is fed to a programmable frequency divider, 
consisting of U8, U9, UlO, and Ull, which may be preset to 
any desired multiplier from 1.000 to 2.500 such that the 
output of the VCO may be multiplied within the limit of these 
two numbers. The output of the frequency divider Ull pin 
13 triggers one shot U7, which then resets the divider 
chain U8, 9, 10, and 11 to the modulus programmed by the 
switch assembly on the pc card. The output of one shot U7-8 
is used as one phase to the phase comparator circuit to be 
compared against the input signal. The output of the VCO 
is then divided by an additional divider chain consisting 
of Ul, U2, and U3 which is a fixed divide by 1 ,000. The 
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output of Ul is inverted by buffer US-6 and presented to the 
system as system clock, 10.4 kHz. As an example let us choose 
an input to the phase comparator of 5.2 kHz and choo se to 
multiply the 5.2 kHz by 1 .990, giving us a desired output 
frequency of 10.348 kHz. Phase comparator U4 compares the 
phase of the 5.2 kHz to that of one shot U7, thus developing 
an analog voltage at U4-8 forcing the VCO U6 to change fre-
quency. The frequency will continue to change until the 
output of U7 is 5.2 kHz. The frequency output of U6 is then 
divided d~wn by counter chain U8, 9, 10, and 11 by a f actor 
of 1990 and is fed back to U7 and the phase comparator U4 
in order to stabilize the loop at 5.2 kHz. To supply 5.2 kHz 
to the phase comparator, the VCO output must be operating at 
a frequency of 52 x 1990 because of the presence of the 
counter chain. This gives us the multiplication of 5.2 kHz by 
1990. This in turn gives us an output of the VCO of 10.348 MHz. 
The fixed divider chain Ul, 2, and 3 divides th e 10.348 MHz 
by 1000 developing the 10.348 kHz signal through the driver 
US as the system clock output. 
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4.5. 18 Memory In Control, Location 6-B, 
Drawing #SKD-LSX-0105 
Control of the input to both the Data memory and the 
NAV memory is performed by the Memory In Control pc board. 
The following discussion will cover each section independent 
of the other. 
4.5.18. 1 Drawing #SKD-LSX-0105, sheet 1. Both the NAV 
memory and the Data memory are two phase clock systems. The 
clock frequency is 10 kHz. The 10 kHz is developed by the 
crystal clock board and picked off the 10 kHz tap. One 
shot Ull recognizes the trailing edge of each of the 10 kHz 
cycles. The output of one shot Ull-8 is then level con-
verted to a MOS logic level of -12 to +5 volts and is pre-
sented as phase 1. One shot Ul2 recognizes the leading 
edge of each 10 kHz cycle and is level converted to MOS 
levels of -12 to +5 volts and is presented as phase 2. 
Phase 1 and phase 2 clocks each are approximately micro-
second in duration with no overlap of each other. Phase 1 
and phase 2 clock to both the NAV memory and the Data memory 
run 100 percent of the time. As stated above, the scientific 
information is delivered to the system as a 48-bit data word. 
Th e Data memory, however, is arranged as a 24-bit wide memory 
sys tem . Th e r efor e , a mult i plexing of th e data from 48 bi ts 
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to two 24-bit words is required. The data strobe signaling 
the system that scientific data is ready for storage is 
recognized by one shot U5-8. The output pulse width of one 
shot U5-8 is approximately 1 millisecond in duration. 
U5-8 output partially enables AND gate U3-3. OR gate U3-ll 
differentiates the leading edge of one shot U5-6 developing 
an approximate 50 nanosecond pulse setting flip/flop U9-5 
via inverter U3-8. Shift register U9-9 makes up a one bit 
shift register that will shift the one level of flip/flop U9-5 
to its output with the next positive transition of the 10 kHz 
clock synchronizing the data strobe pulse with the 10 kHz 
signal. Shift register U9-9 output completely enables AND 
gate U3-3 which is then inverted and buffered by driver U2-8 
to be used as a commutation level for the first 24 bits of 
the 48-bit scientific data word. With the next transition 
of the 10 kHz clock U9-9 returns to the zero l e vel . At t he 
trailing edge of U5-8 one shot U6 is triggered. U6 partially 
enables AND gate U3-6. OR gate U3-ll different iates the 
leading edge of one shot U6-6 again developing an approximate 
50 nano second pulse se tting flip/flop U9-5. Again with the 
first positive transition of the 10 kHz signal the output of 
U9-5 is shifted into U9-9 immediately resetting flip/flop 
U9-5, a nd at this time U9-9 f ully enables AND gate U3 - 6 
developing a second COM level to strobe in the second 24 bits 
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of the 48-bit scientific data word. The two pulses developed 
for each data strobe input signal by shift register U9-9 
are presented to the data memory as READ INPUT which actually 
stores the two 24-bit data words into the memory. 
4.5.18.2 Drawing #SKD-LSX-0105, sheet 2. The input to 
the NAV memory is controlled by this section of the Memory 
In Control board. The operation is very similar to that of 
the Data Memory Control board. The TCD strobe signal 
developed by the NAV board is detected by inverter Ul-6, 
then differentiated to an approximately 50 nanosecond pulse 
setting flip/flop U8-5. With U8-5 set, the next positive 
transition of the 10 kHz signal is used to shift a one level 
into shift register U8-9, and with the next positive transi-
tion of the 10 kHz signal shift register U8-9 returns to a 
zero level. The output of U8-9 is then delivered to the NAV 
memory as READ NAV INPUT and this signal is used to write the 
contents of the navigational data into the NAV memory. The 
Q side of flip/flop U8-8 is inverted by inverter U7-ll 
enabling AND gates U4-8, U4-ll, U7-6, U7-3, U4-3, and U4-6 
which allows t he six navigational data bits to be presented 
to the memory via drivers Ul-12, Ul-10, Ul-8, U7-2, Ul-2, and 
Ul-4 as six navigational data bits. The navigation memory 
is arranged as a 6-bit wide memory system with a range plus, 
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range minus, bearing plus, bearing minus, odometer front, 
odometer rear pulses being presented to the memory as NAV 1, 
NAV 2, NAV 3, NAV 4, NAV 5, and NAV 6 respectively. 
4.5. 19 Two x Twelve Multiplexer, Location 7, 8, 
19, 208, Drawing #SKD-LSX-0107 
The 2 x 12 multiplexer board is a dual purpose multi-
plexing system, consisting of a 24 wide, 12 dual, 2 input 
AND/OR gates. The logic is arranged such that one of two 
inputs enables 12 AND gates and the corresponding input of 
the two input AND gate is routed to the output. As can be 
seen by the schematic, pin 3 or TP2 is bussed commonly to 
12 of the 2 input AND gates and pin C or TPl is bussed 
commonly to the other 12 two input AND gates. For example 
if pin 3 is brought to a logically one level, the informa-
tion at pin 13 of AND gate U3 is presented to the output of 
U2-8 or pin K of the pc card, and also if pin C is at logical 
one, pin 10 of U3 or pin M of the pc board is presented to 
the output of the inverter U2-8 or pin K of the pc board. 
For a listing of pin number assignments versus function 
assignments refer to appendix B. There are two places of 
usages for the 2 x 12 multiplexer, one as just described in 
section 4.5.18, Memory In Control. When the scientific 
48-bit parallel data word is to be written into the Data 
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Memory the two terms described, Data 1 and Data 2, first 
permits 24 bits of the 48-b i t word to be written into memory 
as a 24-bit parallel word, and then the second 24 bits is 
written into the memory as a parallel word. The second place 
that the 2 x 12 multiplexer is used is in the output of the 
NAV memory and the Data memory in routing the data to the 
digital tape recorder. 
4.5.20 8 x 195 Memory, Location 9, 10, 11, 12, 13, 
14, and 18-B, Drawing #SKD-LSX-0108 
The 8 x 195 Memory consists of a series network of 
individual first-in-first-out (FIFO) shift registers. Each 
of the FIFO shift registers is configured as an 8 x 13 bit 
memory. There are 15 of the FIFO shift registers connected 
in series per pc board, thus providing each pc board with a 
register equivalent to 8 x 195 bits. To form the Data 
Memory, six cards are required. The first three cards are 
connected in parallel giving a 24 x 195 bit shift register, 
and three additional cards are connected in series expanding 
the memory to 24 x 380 bits. These six cards for the Data 
Memory are located in 9B, lOB, llB, 12B, 13B, and 148. For 
the NAV data memory only one card is required. It contains 
8 x 195 bits. However, two of the parallel input bits are 
not used. Therefore we effectively have a 6 x 195 bit 
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Navigational memory. As stated above each shift register 
is a two-phase clock system. The operation of the memory 
is such that any time there is a data or logical one level 
present on any of the eight inputs, an eight-bit byte is loaded 
into the register or if there is a REAL INPUT at pin 20 of 
Ul the eight parallel bits are read into the memory. Opera-
tion of the memory is such that when an eight-bit byte is read 
into the memory, it is sequentially shifted toward the output 
until it reaches the output, or until it comes to the last 
byte that was stored into the register and there it will 
stop. Each register has a REGISTER EMPTY signal. The 
REGISTER EMPTY signals to the following register that the 
latter register is to accept data. The REGISTER FULL feeds 
information to the preceding register informing that register 
that it is to accept data. The final stage of each memory 
on pin 15 is the SHIFT OUT command. The SHIFT OUT command 
when brought to a logical one level transfers data sequen-
tially out of the memory at a 10 kHz rate. However, if the 
SHIFT OUT command is one 10 kHz clock cycle wide, only 
one 8- bit byte will be shifted out of that r espe ctive memory. 
The direction of flow of information through the memory by 
IC number is Ul, U2, U3, U4, U5, UlO, U9, U8, U7, U6, Ull, 
Ul2, Ul3, Ul4, and Ul5 . Appendix B gives the pin assign-
ment versu s the logical f unction for each of the 8 x 195 bit 
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pc cards. For more detailed information on the integrated 
circuits refer to appendix C. 
4.5.21 Wang Control, Location 158 and 168, 
Drawing #SKD-LSX-0072 and SKD-LSX-0071 
In the following discussion it will be assumed that the 
reader has a knowledge of the operation of the Wang 700 
calculator. Detailed operation of the calculator will not 
be discussed in this manual, however, as a reminder, external 
peripheral equipment cannot interrupt the Wang 700. The 
calculator must request information into its register, and 
then once the information has been requested the peripheral 
equipment must initiate a GO command back to the calculator 
to release the calculator from that peripheral equipment. 
Also many peripherals may be tied to the same I/0 data buss 
of the calculator. The selection of an individual piece of 
equipment is made by the Device Code Select. This is 
eight-level code input that must be decoded. If the selec-
tion of an individual peripheral compares to that of the 
eight levels on the Device Code Select line, then that partic-
ular peripheral has been selected for input into the Wang. 
Operation of the Wang control will be covered in two sections. 
The first section will be the basic control or device selec-
tion of the peripheral equipment; the second section will be 
the data multiplexing to the Wang. 
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4.5.21. 1 The Device Code Select. The Device Code 
Select is performed by U5 and U9. Any device code may be 
programmed via jumper wires on pc card 16B (drawing #SKD - LSX-
0071 ). With the desired device code select programmed into 
the jumper wires on the pc card, these eight lines are then 
applied to digital comparators U5 and U9. Inputs to com-
parators U5 and U9, pin 4, 3, 2, and 1 on each IC are tied 
directly to device code select lines from the Wang 700. If 
the device code compares, AND gate Ul3 is enabled, then 
inverted by inverter Ul6-4 partially enabling AND gate Ul2-8 
and l 2 . The next level of selection of the device code is 
a group 1 or group 2 command. This is also programmable by 
a jumper wire on the pc card. If a group l i s selected, 
then AND gate Ul2-8 is directly enabled and Ul2-l2 is 
inhibited . If group 2 is selected, AND gate Ul2-12 is 
enabled and Ul2-8 is inhibited via inverter Ul6-8. Input to 
AND gate Ul2-9, is also tied to the Wang device code select 
line. With pin 9 of AND gate U12 high, a group 1 command 
is decoded at Ul2-8. Inverter Ul6-l0 inverts this selection 
enabling AND gate Ul2-12 if a group 2 command is selected 
by the Wang calculator . Or gate Ul2-6 will OR the output of 
AND gate Ul2-l2 or AND gate U8-8. Ul2-6 also enables th e 
data output lines of the data multiplexing card l5B via 
s i gnal line labeled DATA ENABLE. The Wang calculator allow s 
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the device code line to settle and then i nitiates a strobe 
pulse labeled WSTB28, which is inverted by Ul6-6 fully 
enabl i ng AND gate U8-8 and which then sets flip/flop U4-8. 
This is the time when the calculator is now ready to accept 
data . Fl ip/flop U4-8 has now partially enabled AND gate U8-ll. 
At t he first strobe period, AND gate U8-ll will allow the 
strobe signal to set flip/flop Ull-6 and pass through OR 
gate Ull-11 advancing counter U14 to a count of 1. The 
trailing edge of the output of OR gate Ull-11 triggers one 
shot U6-8, which is then inverted by inverter UB-3 sending 
to the Wang calculator the signal termed STB29, and which is 
used by the Wang calculator to strobe the input data lines 
into its regist e r. In the event that something has prevented 
the calculator from requesting data and as a warning to the 
operator that data has been lost, a warning signal has been 
supplied by the circuit. The two-bit shift register consisting 
of U3-15 and U3-10 has a capacity to store two strobe signals. 
The two-bit shift register is reset at the end of each of the 
data transm is s i ons to the Wang calculator. If however, 
(1) the first s trobe signal is set into the 2-bit shift 
register and a data transmission was not started due to the 
Wang calculator not requesting a data transfer by the t erm 
WSTB 28 , an d ( 2 ) a second strobe signal arrives, s hi f t r egi s ter 
U3 - 10 will go t o a logical ze ro l evel se t t ing f lip/ f lop U4 - 6. 
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The setting of U4-6 enables a cross-coupled one shot pair 
made up of U-2 and U7 as a 500 millisecond duty cycle oscil-
lator which is connected to a light driver and provid es a 
warning as a red flickering light on the front panel. This 
light labeled Program Error may only be reset by manual 
intervention by front panel operation. This light se rv es 
as a warning to the operator that data has been lost and that 
a full transmission of all information to the Wang has not 
been established. This does not destroy continuing sending 
data to the Wang, even though the synchronization of the 
data transmission may have been lost. One shot Ul5 recognizes 
the busy signal from the Wang calculator labeled GKBD. On 
the positive transmission of each GKBD term the calculator 
is signalling the peripheral that it is no longer busy. As 
a Wang recognizes the term WSTB9 to write data into its 
register, the GKBD signal is brought to a zero level, 
signalling busy. On~e the character has been stored in the 
register the GKBD line is released and returned to a positive 
level. This positive transition is recognized by Ul5-8. 
Ul5-8 produces a pulse through AND gate Ull -8 which ha s been 
enabled by flip/flop Ull-6. The output of AND gate Ull-8 
is then sent through OR gate Ull-11 and then is counted by 
counter Ul4. The trai ~ ing edge of the output of OR gate Ull-11 
triggers one s hot U6. U6- 8 is then inverted and sent to the 
4 - 45 
Wang calculator as a second WSTB9 signal which writes the 
second character into the Wang register. This procedure 
continues until counter Ul4 reaches the count of six. At 
the count of six, AND gate Ul3-6 decodes this count firing 
one shot UlO. One shot Ul0-8 resets the counter to a count 
of zero. One shot Ul0-6 resets flip/flop Ull-6 preventing 
additional GKBD signals from being recognized, resets flip/ 
flop U4-8 inhibiting further WST828 strobe signals from the 
Wang, and resets the two-bit shift register U3-15 and U3-10. 
One shot Ul recognizes the trailing edge of one shot U6 
which is the WST89 signal to the Wang calculator. The 
output of Ul is the signal to the data multiplexing board 
termed ROT (rotate), which selects the next data character 
to be transmitted to the Wang calculator. This signal will 
be further discussed in the next section. 
4.5.21.2 Wang data. Refer to Draw i ng #SKD-LSX-0072, 
board 158 for the following discussion concerning the data 
transmission to the Wang calculator. This board which has 
the capacity of storing six decades of information and i s 
controlled by board 168, and transmits all information 
required to the Wang calculator. The six decade buffer 
accepts data from the memory out at the strobe time; so all 
data going to the Wang calculator has bee n stored in the 
memory and has been read out of the memory and transferred 
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to the calculator in real time. The input is a parallel 
24-bit data buss. Each of the 24 bits is broken down into 
4 bits of a BCD character of six decades in length. Data 
transmission to the Wang calculator is serial by character, 
parallel by bit. U3-12 and 8 inverts the strobe signal to 
the storage buffers consisting of U6, UlO, Ul4, US, U9, and 
Ul3. The storage buffers are of a tristate logic level type. 
The three states consist of a logical zero, a logical one, or 
a high impedance state when the buffer is not selected. When 
the six decades are stored into the buffer, the information 
is held until the next strobe pulse moves the next six 
decades into the buffer. The output of inverter U3-l2 and 
U3-8 also strobe into buffers U4, UB, and U7 a fixed program 
code. U4 has a code of 07 strobed into it with each strobe 
pulse. The 07 and the four BCD bits from the six-decade 
storage buffer comprise an eight-level code to the Wang 
calculator. Buffers UB and U7 make up a GO command to the 
calculator which is transferred to the calculator at the end 
of its six-decade transmis s ion, signalling t he ca lculator 
that it is free from the dat a acquisition sy stem . Inv erter 
U3-10 inverts the signal from U3-12 and U3-8 resetting 
counter Ul6, forcing the counter to a count of zero. Decoder 
Ul5 decodes the count of zero and enables the buffer U1 3. 
Inverter U3-2 enables bu ff er US for the first six data trans-
f ers to the Wang calculator. The buffer U4 contains the 
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high order four-bit code to the Wang calculator and the 
six-decade buffer contains the low four-bit levels thus making 
up the eight-level codes to the Wang calculator. The output of 
the six-decade buffer and U7 is ANDed with Ul-8, 11, 6, 3 and 
t he buffer U4 and U8 is ANDed with AND gate U2-ll, 6, 8, 3. 
AND gates Ul and U2 are enabled by DATA ENABLE from board 168. 
With the AND gates enabled and decoder Ul5 selecting the 
six-decade buffer Ul3, U4, and Ul3 are passed to Wang calcu-
lator as a hi gh order and low order code of 07 for the high 
order code, and the BCD digit for the low order code. As 
stated above, the write signal WSTB9 to the Wang calculator 
has been presented to the calculator prior to the ROT signal. 
We have now written the first decade into the calculator 
register. When the calculator has accepted this decade, 
board 168 generates the term ROT. ROT is inverted via 
inverter U3-6 and advances counter Ul6 by a count of 1, 
selecting U9 of the six-decade buffer, supplying to the calcu-
lator the second decade of information to its register. 
This process is repeated until all six decades have been 
written into the calculator's register. With the sixth ROT 
signal, pin 4 of decoder U15 is enabled, U4 is inhibited and 
inverter U3-4 enables buffers U8 and U7. U8 supplies a high 
level order code of 05 and buffer U7 supplies a low order 
code of 14. This is sent to the calculator as a GO comm1nd. 
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When the calculator recognizes this GO command, it proceeds 
with the next programmed instruction and releases itself 
from the peripheral that it has addressed, in this case, 
the data acquisition system. AND gate Ul and U2 are of the 
open collector type and if this device has not been selected, 
these lines are held high and may be wired ORed to additional 
devices for expanding the number of peripherals that may be 
applied to the Wang calculator. 
4.5.22 Mag Tape, Location 17B, 
Drawing #SKD-LSX-0077 
As stated above, all information (scientific, naviga-
tion, and significant navigation transfers) is written on 
digital magnetic tape. The mag tape pc card performs this 
operation. It accepts information from the 2 x 12 multi-
plexer card after the NAV data, Scientific Data memory and 
the TCD count has been routed through the 2 x 12 multiplexer. 
Input to the mag tape card is 24 parallel lines. In this 
case the 24 parallel lines are broken into six BCD characters. 
The six decades are stored in a temporary memory buffer, 
that is made up of tristate logic latches. Each latch is 
four bits, and the output of the latches is of tristate levels, 
that is, standard TTL one or a logical zero or if the chip 
is not selected, the outputs are at a high impedance level. 
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Flip/flop U2-3 is forced to a continuous high state by tying 
pin B of pc card to +5 volts which is then inverted by U2-8 
forcing flip/flop U2-3 to remain set. This enables AND gate 
U2-ll which passes each memory output strobe pulse through 
OR gate U5-8 strobing the data from the 2 x 12 multiplexer 
in to the six decade storage buffer. The output of AND gate 
U2-ll a l so resets f li p/flop U5-3. Flip/flop U5-3 goes to a 
logical zero level and removes a reset level from counter Ul2 
allowing it to be advanced. Decoder U8 decodes the count of 
zero and decoder UB-13 enables the six decade buffer stage 
UlO making its output available to the tape recorder. Along 
with removing the reset level from counter Ul2 flip/flop U5-3 
turns transistor Ql off allowing the unijunction oscillator 
to start oscillating. The oscillator output is shaped by 
transistor Q3 firing one shot U9. One shot U9-6 is inverted 
by U5-6 and then presented to the tape recorder as a step 
and record pulse. The trailing edge of one shot U9-6 is 
detected by one shot Ul3 and then the trailing edge of Ul3-6 
advances counter Ul2 which is advanced to the count of one 
and then is decoded by one of ten decoder U8. U8-l2 enables 
the decade buffer U6 which presents the next decade to the 
tape recorder. This procedure continues until the count of 
six is decoded by U8 at pin 4 resetting flip/flop U5-3 forcing 
counter Ul2 to 0 for the next operation, and turning transistor 
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Ql on, preventing further oscillations of the unijunction 
oscillator. The output to the digital tape recorder is 
buffered via Ul. Tracks A and B of the tape recorder are 
permanently tied to a logical zero level, tracks 1, 2, 4, 
and 8 are buffered by Ul-10, Ul-8, Ul-2, and Ul-4 respec-
tively. The step and record to the recorder is buffered by 
Ul-6. For detailed operation of the tape recorder refer to 
the Cipher lOOH digital tape recorder technical manual. 
4.5.23 Memory Out Control, Location 218, 
Drawing #SKD-LSX-0109, Sheets 1 and 2 
The memory out control board, controls both the Data 
memory and the Navigation memory. Operation of the Data 
memory is controlled by sheet 2 of 2 and the NAV memory by 
sheet l of 2 of drawing #SKD-LSX-0109. 
4.5.23. l Data memory control. In the following dis-
cussion we refer to sheet 2 of 2 of drawing #SKD-LSX-0109. 
Prime is used on the data memory to initialize the memory 
out control and also to clear the Data memory of all data. 
Prime is inverted by U2-ll and, via diode OR gate CR2, is 
ORed with the front panel memory clear through OR gate U6-ll 
bringing the shift out signal to the Data memory to a logical 
one level shifting all information from the memory out. 
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Page 4-52 either is missing from this document or pages have been numbered incorrectly. This page is 
being inserted into the document between 4-51 and 4-53 to make Section 4.0 numberically correct. This 
page intentionally left blank. 
The 380 counter is counted down and produces an output at 
U3-13 which ms differentiated by R3 and C5 resetting flip/flop 
U2-6. U2-6 then inhibits 1 kHz signals from passing throu gh 
AND gate U6-3 to the modulus 6 counter U9. With U2-6 reset, 
the Q side of U2-8 resets the modulus 6 counter U9 to a zero 
level, initializing the counter for the next sync detect 
signal. 
An additional feature is built into the data memory 
control in that the board is looking for a synchronizing 
change sign signal to the Wang calculator which occurs at a 
specific time during the data transfers from the memory. The 
recognition of this signal is described by the following 
discussion: One shot U8 is triggered by the read commands 
to the data memory via inverter Ul5-6, and then applied to 
AND gate U20-ll. U20-12 is enabled by flip/flop U20-6. The 
U8 one shot output is then counted down by down counter U23, 
U22, U21, which comprises a 379 modulus down counter. The 
change sign data word to the Wang calculator should occur in 
the 379th data transfer from the memory. The detection of 
the change sign signal is made by digital comparator Ul9. 
One set of inputs to the comparator is permanently wired to 
the bit configuration of a change sign signal. The other 
set of inputs to the comparator is from the output of the 
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Data memory. The comparator then is enabled with each output 
of one shot UB, and if a comparison occurs, AND gate Ul5-8 
is qualified and is then in verted by inverter Ul5-ll. If 
flip/flop U20-6 has not been reset this pulse is then passed 
through AND gate Ul5-3 and diode ORed with the front panel 
prime switch. It should be remembered here that flip/flop 
U20-6 was initially set with SY.DET. and is reset after each 
379th count by the down counter U23, U22, and U21. Thus 
the AND gate Ul5-3 is only enabled for the first 379 data 
transmissions from the Data memory. On the 380th transmission 
the change sign should give a comparator output and be pre-
sented to AND gate Ul5-3 but with flip/flop U26 reset by 
U21-13, prime will not be set. 
4.5.23.2 NAV data memory control, sheet 1 of 2 of 
#SKO-LSX-0109. One shot U?-6 recognizes the trailing edge 
of the VCO data gate. When one shot U?-6 is triggered 
flip/flop U6-8 sets, supplying to the multiplexer a gate 
signal for multiplexing data from the NAV memory to the 
output. One shot U?-6 also presets a 195 down counter, con-
sisting of UlO, Ul4, and Ul8 and also sets flip/flop Ull. 
With flip/flop U6-8 set AND gate Ul2-ll is enabled allowing 
a 1 kHz signal to pass through and be inverted by inverter 
Ul2-6 and then triggering one shot U17. One shot U17-8 is 
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delivered to the system as the NAV step signal and is also 
differentiated by capacitor C-9 setting flip/flop Ul6-5. 
Flip/flop Ul6-5 and Ul6-9 form a two-bit shift register that 
is used to synchronize the reading of the NAV memory with 
the 10 kHz memory clock frequency. With the flip/flop Ul6-5 
set, the first positive transition of the 10 kHz signal 
shifts to a one into Ul6-9 and a zero into Ul6-5, and with the 
next positive transition, the zero from Ul6-5 is shifted into 
Ul6-9 giving one 10 kHz clock bit time out of Ul6-9. The 
signal from Ul6-9 is ANDed at AND gate Ul2-8 with flip/flop 
Ull-9. If flip/flop Ull-9 is set, Ul6-9 is passed through 
AND gate Ul2-8, inverted by Ul2-3 and is used as a shift 
signal to the NAV memory, reading the next NAV data word. 
Transistor Ql monitors the NAV memory for a memory empty 
condition. If the memory is empty, transistor Ql resets 
flip/flop Ull-9, inhibiting AND gate Ul2 - 8, and preventing 
any further read commands to the NAV memory. This does not, 
however, inhibit the NAV step command or inhibit the NAV data 
gate. The operation of the 195 down counter UlO, Ul4, and 
Ul8 continues until a count of 195 has been reached. At 
that time flip/flop U6-8 is reset inhibiting any further 
transfer of 1 kHz signals through AND gate Ul2-ll. 
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4.5.24 TCD Control, Location 228, 
Drawing #SKD-LSX-0111 
This pc card is used to (1) read the significant NAV 
data transfers from the memory that has been accumulated in 
the scaler boards, (2) to buffer the data, and (3) to output 
three decades of information to the mag tape identifying to 
the software the significant number of NAV data transfers. 
The board also, at the conclusion of transferring the three 
decades of information, produces an inter-record gap command 
to the tape recorder, initiating the record gap, and setting 
the tape recorder ready for the next record. One shot U7 
recognizes the trailing edge of the NAV data gate. U7-8 
strobes information from the scaler board, containing the 
three decades of significant NAV data memory transfers, into 
storage buffers U3, U2, and Ul. The trailing edge of one 
shot U7 is recognized by one shot U8. One shot U8 firing 
supplies a TCD clear pulse to the scaler board, resetting 
the scaler, initializing the scaler for the next accumulation 
of NAV data transfers. One shot U8-6 sets flip/flop U4-8. 
AND gate U4-ll is enabled by flip/flop U4-8 supplying 1 kHz 
clock si gnals to counter U9 and to AND gates U5-12 and Ul0-11. 
The count contained in counter U9 is decoded by one-of-ten 
decoder U6. 
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Decoder U6-2 decodes a count of one which enables the 
output of buffer U3 supplying the most significant decade 
to the tape recorder via the multiplexer 2 x 12 multiplexing 
boards. U6 pin 2 is also supplied to AND gate U5-12 via OR 
gate U5-6. When ANDed at U5-12 with the 1 kHz clock, it 
produces a TCD step pulse which is used as a step and record 
pulse to the magnetic recorder via inverter Ul0-3. The one-
of-ten decoder continues decoding counter U9, such that U6-3 
supplies the second most significant digit to the tape 
recorder and another step and record pulse. U6-4 selects 
the least significant digit to the tape recorder and develops 
the third step and record pulse. The count of six is decoded 
by one-of-ten decoder U6-7 which is then inverted by inverter 
Ul0-6 enabling AND gate Ul0-11. This allows one cycle of 
the 1 kHz clock frequency to be inverted by Ul0-8 and pre-
sented to the tape recorder as the inter-record gap command. 
U6-9 then decodes the count of 7 from the counter U9 resetting 
flip/flop U4-8 stopping the operation until the next NAV data 
gate time. U4-6 OR's the TCD gate and the NAV data gate 
forming an overall NAV gate signal. U4-8 is also supplied 
to the system as a TCD gate. 
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4.5.25 Up-Down Counter, Location 23B, 24B, 25B, 
27B, 28B, and 30B, Drawing #SKD-LSX-0112 
The up-down counter pc board is a general purpose pc 
board. It is used in five different circumstances. These 
include (1) the accumulation of the significant TCD or NAV 
data transfers to the memory, (2) accumulation of the range 
information, (3) accumulation of the bearing information, 
(4) accumulation of the odometer information and (5) accumu-
lation of time . These locations are board numbers 23B, 248, 
25B, 27B, 28B, and 30B respectively. Refer to the wire list 
in appendix 8 for detailed pin assignment versus function. 
The pc card consists basically of three decades of up-down 
decade counters consisting of U2, U3, and U5. The three-decade 
counter may be externally preset to any number between 0 to 
999, externally cleared, or may be counted up or counted 
down . Outputs from pc cards CARRY and BORROW are provided 
so that two cards may be cascaded. The CLEAR input, pin 7 
of the pc card applied to pin 14 of the counters U2, U3, and 
U5 clears the content of the counters with an active high 
signal, therefore, if clear is not used pin 7 of the pc card 
must be kept at a logical zero level. The load signal is 
used to preset externally programmed input, into the counters, 
three decades of inputs are provided in t o the pc board. 
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Pull-up resistors are provided on the pc board if required 
by the external system. Load is accomplished by bringing 
pin 6 of the pc card to an active low signal. AND gate Ul-6 
and 8 control the function of the counter as to count-up or 
count-down. UP input to the pc card is on pin 3 and DOWN is 
on pin 6. These two inputs are of the active high type, up 
and down inputs must not be high simultaneously. If the 
counter is desired to count up, pin 5 of Ul must be in the 
logical one state and pin 10 of Ul must be in the logical 
zero state. With pin 5 high, AND gate Ul-6 is partially 
enabled. Clock signals inverted by Ul-11 pass through AND 
gate Ul-6 and are applied to pin 5 of U2 so that each sue-
cessive clock pulse is counted up. To reverse this opera-
tion one merely brings the UP input to a logical zero and 
raises the DOWN input to a logical one level. The CARRY 
output is inverted by u 4-11 and brought out on pin 20 of the 
pc card. The BORROW output i s inverted by U4-8 and brought 
out on pin X of the pc card. Parallel output of the counter 
is also provided by the pc card, in three BCD decades of 
information. 
4.5.26 LED Driver/Buffer, Location 30T, 31T, 32T, 
268, and 298, Drawing #SKD-LSX-0075 
The LED driver/buffer board is a general purpose LED 
display driver. It was primarily designed to operate around 
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the OPCOA SLAl, LED numeric displays. However, the board 
wi ll function with any LED numeric display that is of the 
common anode type. The pc card is equipped with a memory of 
six decades in length or 24 parallel bits of information. 
Normally the 24 paralle l bits are broken into six BCD charac-
ters. The buffer is of the tristate logic l evel type. With 
the buffer not selected, the outputs will be at a high 
impedance level and when the buffer is selected normal TTL 
levels are delivered. The six decades of information are 
loaded into the buffer consisting of US, U4, U3, U9, U8, and 
U7 by AND gate U2-ll. Inputs to AND gate U2-ll, Data Strobe 
and Data Strobe 2, must both be at a logical one level. At 
a logical one level AND gate U2-ll is enabled, inverted by 
OR gates U2-8, U2-3 and U2-6 strobing the 24 parallel lines 
into the buffer. A free running unijunction oscillator 
derives the commutation frequency. Ql is the unijunction 
transistor, operating at the frequency determined by re si stor 
Rl and capacitor Cl. Transistor Q2 shapes the output of the 
uni-junction transistor Ql, and is counted by counter U6. 
UlO is a one-of-t en decoder that decodes the count contained 
in counter U6. Operation of the system is continuous. When 
the count of zero is present in U6, Ul0-13 enables the outputs 
of buffer US to the seven-segment decoder driver Ul and also 
turns on tr ansistor Q3. With transistor Q3 on, cu rrent i s 
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supplied to the common anode of the display; Ul sinks cur-
rent from one or any combination of seven segments of the 
display. A 51 ohm limiting resistor is provided in each of 
the seven-segment input lines to the decoder. The LED 
numeric display completes the current path between the tran-
sistor Q3 and the decoder driver Ul. The next oscillation 
of the unijunction transistor Ql is counted by U6 which is 
then decoded by Ul0-12. Ul0-12 selects the second decade, 
buffer U4, to be decoded by the seven-segment decoder, Ul. Ul 
also turns off transistor Q3 and turns on transistor Q4, 
supplying current to the second LED numeric display. This 
procedure continues for all six decades and then repeats. 
The frequency of commutation of the six decades of readouts 
may be increased or decreased by the selection of Rl and Cl. 
A lamp test input is provided such that when it is brought to 
a logical 1 level all segments of the displays are illuminated 
thus giving a display of the numeral 8. 
4.5.27 Six Decade Numeric Display, 
Drawing #SKD-LSX-0100 
This pc card holds a maximum of six LED numeric display 
units. All seven segments are common to the output of the 
pc card and individual anode drive lines to each of the 
displays are provided by the input to the pc card. This 
4-61 
pc card is used in conjunction with the LED driver/buffer 
pc card, drawing #SKD-LSX-0075. 
4-62 
APPENDIX A 
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NO. FUNCTION I FROM NOTES I 
1 +5V I 
2 
3 10.4 KV I !::>B-4 
4 vco I 2B-4 
5 I I 
6 FRAME 32 I 29T-K 
7 SUB FRAME 1 i 2T-17 
8 SUBFRAME 2 ' 2T-18 
9 WORD 1 2T-12 
10 WORD 2 i 2T-ll 
11 WORD 3 ! ?T-10 
12 
13 PRIME 






19 SYDET I 




B ! I 




















TITLE DRAWING NO. 
WIRE LIST - LOCATION 
1T 0091 
B-2 




4 10. 4 kHz 58-4 
5 
6 SYDET i 1T-19 
7 PRIME lT-13 
8 
9 WORD START 
10 WORD 3 
11 WORD 2 





17 SUBFRAME 1 
18 SUB FRAME 2 
19 j 20 


























TITLE DRAWING NO. 




NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 SUBFRAME 2 2T-18 
4 SYDET lT-19 
5 FR lME 32 rr;fofE · ~-RAMf:" -, -THROUGH 
6 31 32 are active low 












19 1 8 







E FRAME 16 
F 1 5 
H 1 4 
J 1 3 
K 1 2 










X FRAME 1 
y 
z GND 
TITLE DRAWING NO. 








3 VrO ryr.J FS 4 lF.P. SWITCHES) 
4 2 • 
5 1 
6 vrn r- v r 1 ~="" x (F. P. WITCHES) 
7 vro r,ATF 
8 vr.n_ 2R-4 
9 WORn START 2T-9 I 
10 10 l<c 18-13 J 

































·------ .. -- ··-. -·-y 
.i 
. -- -- -· - ---- -·--
z GND : 
----------
TITLE DRAWING NO. 
WIRE L I Sr1~ - LOCATION 
4T 0093 
B-5 





































s VCO GATE 4T-4 
T 5.2 to CTR 
u 5.2 GATE 
v DATA AVAIL' 
w DATA AVAIL' 
X 5200 Hz. 28-5 
y 
z GND 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
5T 0094 
B-6 





4 VCO DATA 200 VC:O hATF=' PFRJQO I 
5 100 
6 800 RC:n nThTT<; 
7 400 
8 20 I FAST SThNTFICANT 
9 1 0 









19 VCO DATA 02 





c GATE 4T-7 VCO hATF 
D 1 MHz r- p SWTTrH ( 1 MH7 nr 















----- -- - -






z GND l 
TITLE DRAWING NO. 
I 
WIRE LIST - LOCATION 
6T 0095 
B-7 




4 5.2 kHz. DATA 200 5 2 kHz GATE PERIOD 
5 100 
6 800 RC:O OT(;TTS 
7 400 
8 20 4 DECADES 










19 5.2 kHz. DATA 02 





c GATE 5T-U 5.2 GATE 
D 1 MHz. F P SWITCH (1 MHz or 


















TITLE DRAWING NO. 
WIRE LIST - LOCATION 
7T 0095 
B-8 




4 5.2 kHz. CYCLES 200 NUMBER OF 5.2 kHz 
5 100 
6 800 CYCLES CONTAINED 
7 400 
8 20 IN THE 5. 2 GATE 
9 l 0 
10 80 PERIOD 
11 40 
12 2 4 DECADES 
13 l 
14 8 











c GATE 5T-U ~.2 GATE 



















--l Ui i 
--·---·---






z GND l 
TITLE DRAWING NO. 

















13 VCO GATE PERIOD, 
14 
15 MOST SIGNIFICANl 
16 VCO DATA 8000 




19 VCO DATA 2000 

























TITLE DRAWING NO. 




NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 1 0 4 kHz 58-4 
4 vco 28-4 I 
5 C:OM 4 STRORF 
6 FRAME 32 29T-K : 
7 SUBFRAME 1 2T-17 
8 SUBFRAME 2 2T-18 
9 WORD l 2T-12 
=i 10 WORD 2 2T -11 
--f---
11 WORD 3 2T-10 I 
12 MOUE l 
13 MODE 2Z 
14 MODE 2Y 
15 MODE 2X 
16 
17 MDWD 4 
18 MDWD 8 
19 MDWD 2 
















--- ------·---- ----------- --·-··-----
M 
N --~------ --- --------- --------------
-- ----------- -------- ··------ -------- ---.-p 
--------- - ---------- --- --- ------ - ----R 
- . -- -----------------
s 








TITLE DRAWING NO. 
WIRE LIST - LOCATION 
I lOT 0096 
B-11 





5 FRAME 1 29T-L 
6 FRAME 32 29T-K 
7 SUBFRAME 1 ZT-17 
8 SUBFRAME 2 ZT-18 
9 WORD 1 ZT-12 
10 
11 WORn 3 ZT-10 
12 
13 COM 2 
14 COM 1 
15 COM 4 
16 DATA STROBE 
17 DATA AVAIL ST-V 



























TITLE DRAWING NO. 
WIRE LIST - LOCATION 
11T 0097 
B-12 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 STROBE (IN} I IT- 14 CUM l 
4 ' 
-5 ! 
6 STR BE ( IN) i 
7 
8 DATA INPUT 2u 6T-13 l ' 
' 
9 2" 6T-12 7 I 
10 2" 6T-15 4 I 
11 2" 6T-14 8 
12 2'+ 6T- 9 1 0 
13 25 6T- 8 20 vco GATE 
14 2b 6 T -11 40 PERIOD DATA 
15 7' 6T-10 80 
16 20 6T- 5 100 
17 2"' 6T- 4 200 
·---------· 
18 2 l u 6 T- 7 40~ 
.. 

















J DATA OUTPUT r 




---· p 2!:> 
--







VI 2 1 0 i ----






TITLE DRAWING NO. 
WIRE LIST - LOCATION 
I 12T 0068 
8-13 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 STROB (IN} 
4 llT-13 COM-2 
5 
6 STROB ( IN) 
7 
8 DATA INPUT 20 248-M 1 
9 21 248-L 2 
10 22 248-K 4 
11 23 248-J 8 
12 24 24B-S 1 0 
13 2S 248-R 20 ACCur~ULATED 
14 26 248-P 40 RANGE INFORMATION 
15 27 248-N 80 
16 2B 248-W 100 
17 29 24-8-V 200 
18 210 248-U 400 





















v 21 0 




TITLE DRAWING NO. 
WIRE LIST - LOCATION 
13T 0068 
8-14 
NO. FUNCTION FROM NOTES 
1 +1:\V 
2 
3 STROBE (IN) 
4 
5 llT-11:\ rnM ll 
6 STRORF (TN) 
7 
8 DATA INPUT 2 0 4T-ll:i 1 
9 2 1 Ll.T-1f\ ? 
10 ? 2 4T-17 11 
11 ? 3 Ll.T-lA Q 
12 ? 1! llT _ 11 1 nl GATF DFIAY 
13 ? 5 Ll.T-1? ?n F p SWTTC:HFS 
14 ? 6 Ll.T-1":1 lln 1 
15 ? 7 Ll.T-lLl An 
16 ? 8 Ll.T-1:\ 1 
17 ? 9 Ll.T-Ll ? vrn rvr1 rs 
18 ? 1 0 Ll.T-":1 Ll. r o C:IJTTrl-l 











J IDATA OIITPIIT ?0 
K 21 
L ?2 
... .. .. 
--M 23 
--
1------ ._ ...... -------------
N ?li 
p ?5 -·- 1------ ·- ·- ·--------.. ---·---
---·---- ---- . -- ---- --· -- - ~-----· 




T 28 1------ ·-·---·- ------..... _ -------- ·-
u 29 
v ? 1 0 
1------ ...... -----... 
--------- - ----- -------- ·-·- --




z GND i 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
l4T 0068 
8-15 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 I~TROR!=' {TN llT-16 
4 
5 MULTIPI FXFR OUTPUT 
6 'T~nR~ (TN\ 
7 
8 nATA NPIIT 20 12T 13T 14T-J 
9 2 1 12T 13T 14T-K 
10 ?2 12T 13T 14T-l 
11 ? 3 l?T 13T 14T-M 
12 ?4 l?T 13T 14T-N 
13 ? 5 l?T 13T 14T-P 
14 26 12T 13T 14T-R 
15 2' .12T 13I. 14T- S 
16 28 12T 13T 14T-T 
17 2_9 12T 13T 14T-Il 
18 2 1 0 12T 13T 14T-V 











J nATA liiTPIIT 20 
K 21 
L. 22 







v ? 1 0 




TITLE DRAWING NO. 
WIRE LIST - LOCATION 
15T 0069 
B-16 
NO. FUNCTION FROM NOTES 
1 l+'l v 
2 
3 ''TRORI=' (TN) llT-14 rnM 1 
4 
5 
6 C::TD{)RJ:' f_lNt ! 
7 
8 IOATA JNPIIT ? 0 7T-11 1 
9 ? 1 7T-l? ? 
10 ?2 7T 1 ~ II 
11 ? 3 7T 1 II 0 
12 ?It 7T ? 1 n 
13 25 ZI-B ?0 5 ? Hl7 RAT!=" 
14 26 ZT-11 40 PFRJOO 
15 27 ZT-10 RO 
16 28 7T-5 100 
17 29 ZT-4 ?()() 
18 ? 1 0 ?T-7 400 













J IDATA OUTPUT 2 0 
K 2 1 
L 22 








---~· ---- ---- . . ·- -- --- . -----------
v 2 1 0 
-··-··-·--· ·--···-- --- ·------·-·-
w DATA OUTPUT 2 1 1 




- -· y 
--------------- -- ----- ··---·--z GND 
I 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
1 f"" -- 0068 l 0. 
B-17 
NO. FUNCTION FROM NOTES 
1 +SV 
2 
3 ISTRORI-7 (TN) 
4 llT-13 C:OM ? 
5 
6 [STROBE ( IN) 
7 
8 IDATA NPUT 20 2SB-M 1 
9 2 1 25R-1 ? 
10 ;:>2 ?!=iR-K 4 
11 ?3 ? 1:\ R- .1 A 
12 ?'+ ?J;R-C::: 1 0 
13 ;:>5 ?1:\R-R ?0 Af'f'IIMIII ATI="n 
14 26 25R-P 40 J Rf7ARTNr, TNFOR-
15 27 25B-N 80 MATTON 
16 ;:>8 25R-W lOO 
17 29 ?'lR-V ?00 
18 2 1 0 25R-II 400 











.J nATA OIITPIIT ?0 
K 2 1 
L 22 
M 2 3 
N 21+ 





v 2 1 0 




TITLE DRAWING NO. 
WIRE LIST - LOCATION 
17T 0068 
B-18 
NO. FUNCTION FROM NOTES ! I 
1 +5V 
2 
3 STROBE (IN) j 




6 STRORE (IN) 
' 
7 i 
8 DATA INPUT 20 1T-20 SYNC STATUS 
9 2 1 GROUND 
10 22 GROUND 
11 ?3 GROUNO 
12 24 J 
13 2 5 2 
14 26 4 
15 27 8 
16 28 1 0 RUN NUMBER . ~ 
17 29 201 F p SWITCHE' 
18 2 1 0 40\ 












J DATA IUTPUT 20 
K 2 1 
L 22 
M 2 3 
N 24 





v 2 1 0 




TITLE DRAWING NO. 
WIRE LIST - LOCATION 
18T 0068 
B-19 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 ISTROBE (IN) llT-16 
4 
5 ISTROBE (IN) 
6 MULTIPLEXER OUTPUT I 
7 
8 DATA NPUT 20 16T 17T 18T-J 
9 2 1 16T 17T 18T-K 
10 22 _lfiT 17T 1 RT -I 
11 2 3 HiT 17T 1 &I-_M_ 
12 ?4 lfiT 17T lRT-N 
13 25 lfiT 17T lRT-P 
14 26 16T 17T 18T-R 
15 2_7 lfiT 17T lRT-S 
16 28 16T 17T 18T-T 
17 ?9 lfiT 17T 1 RT -II 
18 2 1 0 16T 1 7_T 1 8T-V 












J I DATA )UTPUT 20 
K 2 1 
L 22 








v 2 1 0 





TITLE DRAWING NO. 
WIRE LIST - LOCATION 
19T 0069 
B-20 
NO. FUNCTION I FROM NOTES 
1 +5V 
2 
3 STROBE {IN} 11T-14 COM 1 
4 + i 
5 t 
6 STROBE (IN) ! 
7 
8 DATA INPUT 2u 8T-13 1 
9 2! 8T-12 2 
10 22 8T-15 4 
11 2 3 8T-14 8 
12 24 BT-9 1 0 
13 2 5 8T-8 20 NIIMRI='R OF I) ? kH7 
14 26 8T-11 40) r.vr.r !='S PER 
15 2 7 8T-10 80 11 ? r.ATF PFRTOn 
16 2 8 8T-5 100 
17 29 8T-4 200 
18 2 l 0 8T-7 400 












J DATA OUTPUT 2u 
K 2 1 --
-·--L 22 
----- . M 2 j 
-----------N 2'+ 
p 2 5 
----------R 26 
s 2 I 
T 2tl 
u 2~ 
v 2 l u 





TITLE DRAWING NO. 




NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 STROBE (INl 
4 t llT-13 COM 2 
5 t 
6 STROBE (IN) 
7 
8 DATA INPUT 20 278-M J 
9 2 1 278-l ? 
10 22 278-K ll 
11 2 3 278-J R AC:C:IIMIII AT!="O 
12 21+ 21_&-_S_ 10 RAN(.;F 
13 25 27R-R ?n TN!="ORMATTON 
14 26 27B-P 40) 
15 27 278-N 80 
16 2 8 278-W 100 
17 2 9 27B-V 200 
18 2 1 0 278-_U _401) 











J DATA OIITPIJT 2_0 
K ?1 
L 22 









---·-----------v ?1 0 
--






TITLE DRAWING NO. 
WIRE LIST - LOCATION 
21T 0068 
B-22 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 STROB ( I N ) 
4 ' i 
5 llT-15 C:OM 4 ---1 
6 STROB ( IN) i 
7 
8 DATA NPUT 2 0 30B-M 1 
9 2 1 30R-1 ? 
10 22 10R-k' Ll 
11 2 3 'H1R-.l ~ ' 
12 ?~ 10R-S 1 o I l 
13 2 5 30R-R ?0 ~I llD<::m TTMF 
14 26 30B-P 40 I I 
15 27 30B-N RO i 
16 2 8 10R-W 1 on I 
17 29 30R-V ?00 
18 ? 1 0 10R-If 400 











J DATA OUTPUT 20 
K 2 1 
-L 22 
M 2 3 
N 2~ 
p 2 5 
R 26 
s 27 
T 2 8 
I u 29 
------------VI 2 1 0 
w DATA OUTPUT 2 1 1 
- --··-· -----
X 
·-- - - ------y 
----- --- ·----- --·· ----
z GND 
TITLE DRAWING NO. 




NO. FUNCTION FROM NOTES 
1 +SV 
2 
3 STRORF (IN) llT-lB 
4 t. 
5 Mill TTPII=')(I='R OIITPIIT 
6 STROR ( T N ) 
7 
8 DATA NPUT 20 20T. 21T 22T -.1 
9 2 1 20T 21T ??T-K 
10 ?2 ?OT ?lT ??T -1 
11 ? 3 ?OT ?lT ??T-M 
12 ?4 ?flT ?lT ??T-N 
13 2 5 ?flT ?lT ??T-P 
14 2 6 20T ?lT ??T-R 
15 27 20T 21T 22T-S 
16 ? 8 ?OT ?lT ??T-T 
17 29 20T ?lT ??T-U 
18 ? 1 0 ?OT ?lT ??T-V 













J DATA 11JTPIJT 20 
K 21 
L 22 







v 2 1 0 




TITLE DRAWING NO. 
WIRE LIST - LOCATION 
23T 0069 
B-24 
NO. FUNCTION FROM NOTES 
1 +I:\ \I 
2 
3 'TO fill l IN_\ 1 li_- ]_Ll roM 1 
4 
5 ; I 
6 '-TDflll { TN \ 
7 , 
8 nllTLl NDIIT ? I>T-lA 01 liAST SIGNIFICANT 
9 ? · nT-lQ 0? nTC::TT OJ=" VCO r.ATI=" 
10 ? f>T-17 Oil DI="RTOn 
11 ? hl-1 h nA 
12 2 QT-lR 1000 MO~T 
13 2 QT-lQ ?000 ST(;NTFTC:ANT 
14 2 9T-17 4000 DIGIT OF VCO 
15 2 QT-16 ROOO (;ATF PFRTOn 
16 2 7T-lR 01 
17 2 ZT-lQ 02 LEAST SIGNIFICANT 
18 2 7T-17 04 nrc:;n OF s 2 kH7 
19 DATA INPUT 2 7T-18 08 GATE P _E_R I_Q_O ! 
20 l 











-- ---·---··---- - . - -·---··-·--J DATA OIJTPIJT 2 0 
. --· 
K 2 1 
·---- --·-·------- - -·- -- ·--L 2 2---
----- ------ -----·--··-· ... ···-· -· . . -- -- - ... -- - -M 2 3 . 
----------------------- ---- -- - ------- -
.. 
--N 24 
- ---·--·- ------- ----~----- .. -- --·-p 25 
-- ----------





T 28 I 
u 29 
v ? 1 0 i 
w DATA OUTPUT 21 I I 
X J 
y i 
----· ----.. --.... ·---z GND : 
·---
TITLE DRAWING NO. 
I WIRE LIST - LOCATION 
I 24T 0068 
·--· -------------- ·- --- --·-··-
8-25 
NO. FUNCTION FROM NOTES 
1 ~'\V 
2 
3 C:TDf'lR ( T N ) 
4 llT 1':1. r_nM 2 
5 
6 <:::TDf'lR ( T N ) 
7 I 
8 nnTll NDIIT ?0 28B-M 1000 
9 ? 1 ?HR-1 ?000 
10 22 ?AR-K llooo 
11 ? 3 ?HR-.1 JlQ_(l(l 
12 ?4 28B-S 1 OQQ_Q_ 
13 2 5 288-R 20000 ACCUMULATFn 
14 26 288-P 40000 RANGE 
15 2 7 288-N 80000 INFORMATION 
16 2 8 288-W 100000 
17 29 28B-V 2_Qj)_(tQ_Q_ 
18 2 1 0 28B-U 400000 











J rlATA HJTPIJT 20 









v 2 1 0 




TITLE DRAWING NO. 
WIRE LIST - LOCATION 
25T 0068 
8-26 
NO. FUNCTION FROM NOTES~ 
1 +t\V 
2 
3 'TO{)RJ:" {IN) 
' 4 I 
--5 11T-15 :COM 4 
6 'TIWRI=' {TN) i 
7 ' 
-8 DATA INPUT 2 0 lOT-20 ~ MDWD 1 g 2 1 lOT-19 MDWD 2 &KE_IVER 
10 ;:> 2 lOT-17 MDWD 4 MOOF 
11 ? 3 . r,ROIINn 
12 2 4 lOT-JR MDWD 8 
13 2_5 r,ROIINO RFCFTVFR 
14 2 6 GROUND MODE 
15 27 GROUNO 
16 2 8 +SVDC 1 
17 2 9 +5VDC 2 WANG SYNC 
18 2 1 0 GROUND 4 












·- ------- -J nATA CIIITPIIT ? 0 
--
K 2 1 
-L 2 2 
----
~-M 2 3 
- --N 24 
p 2 5 
R 2 6 
s 2 7 
T 2 8 
u 2 9 
v 2_ 1 0 




TITLE DRAWING NO. 




NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 STROB {IlL)_ lllT-16 
4 
5 
6 STROB (IN) MULTIPLEXER OUTPUT 
7 
8 DATA INPUT 20 24T, 25T, 26T-J 
9 2 l 24T. 25T 26T-K 
10 22 ?4T 25T 26T-L 
11 23 24T. 25_I_ 26T-M 
12 2" ?4T 25T 26T-N 
13 25 24T. 25T. 26T-P 
14 26 24T. 25T. 26T-R 
15 27 24T 25T 26T-S 
16 28 ?4T. 25T 26T-T 
17 29 24T 25T 26T-U 
-
18 2 1 0 2 4 T. _2_5_ T 26T-V 












J DATA OUTPUT 2 u 







T 2 H 
u 29 
v 2 l 0 
... 




TITLE DRAWING NO. 




NO. FUNCTION FROM NOTES 
1 +5V 
2 




7 SUBFRAME Ill 2T-17 







15 FRAME SELECT 1 F.P DIGIT SWITCHES 
16 DATA STROBE llT-16 
17 WORD SELECT F P WORD SELECT SWITCH 
18 SUBFRAME SELECT F P WORD SELECT SWITCH 





























TITLE DRAWING NO. 




NO. FUNCTION FROM NOTES 
1 +5V 
2 





8 F lOT-18 MDWD 8 
9 G 3T-5 FRAME 32 





15 M 10T-12 MODE 1 
16 N lOT-15 MODE 2X 
17 0 10T-14 MODE 2Y 
18 p 10T-13 MODE 2Z 
19 R 











J F MDWD 8 (FP LIGHT) 
K G FRAME 32 








s M MODE 1 FP LIGHT 
T N MODE 2X FP LIGHT ~ 
u 0 MODE 2Y FP LIGHT 
v p MODE 2Z (p LIGHT 
w R 
X OUTPUTS s PROGRAM E R R_QJLill-
y 
__ j._ I GHT )_ 
z GND 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 




NO. FUNCTION FROM NOTES 
1 +5V 
2 ~I:.U ANUUI:. IS t LED•s (F.P.) 
3 2nd 
4 3rd CURRENT SOURCE I 
5 4th 
6 5th 
7 LED ANODE 6th LED•s (F.P.) 
8 LOAD A 28T-19 
9 LOAD B 
10 DA'"A IN 212 19T-J 
11 2 l" 19T-K 
12 21'+ 19T-L 
13 2 1s 19T-M 
14 216 19T-N 
15 2 l I 19T-P 
16 2 l I! 19T-R 
17 2!':1 19T-S 
18 2zu 19T-T 
19 2 2 l 19T-U 
20 2zz l9T-V 




B SEGMENT A LED•s (F.P.) 
c B 
D c 
E D CURRENT SINK 
F E 
H F 
J :SI:..:iMI:.Nf G LED 1 s (F. P. J 
K LAMP TEST F . p. SWITCH 
L DA "A IN 2v 15T-J 
M 2 ~ 15T-K 
N 2" 15T-L 
p 2" 15T-M 
R 2" 15T-N 
s 2;> 15T-P 
T zo 15T-R 
u 2' 15T-S 
v 28 15T-T 
w 29 15T-U 
X 2 1 0 15T-V 
y DATA IN 2 1 1 15T-W 
-
z 
TITLE DRAWING NO. 




NO. FUNCTION FROM NOTES 
1 +5V 
2 LED ANODE 1st LED's (F P ) 
3 2nd 
--4 3rd CURRENT SOURCE 
5 4th 
6 5th 
7 LED ANODE 6th LED's (F P ) 
8 LOAD A 28T-19 
9 LOAD B 
10 DATA IN 2 • " 27T-J 
11 2 1" 27T-K 
12 2 1 4 27T -L 
13 2 1 5 27T-M 
14 2 l 6 27T-N 
15 Z 1 I 27T-P 
16 2 l 8 27T-R 
17 2 1 ~ 27T-S 
18 2 2 0 27T-T 
19 2 :.:: 1 27T-U 
20 2'' 27T-V 
21 DATA IN 2 2 :1 27T-W 
22 GND 
A +5V 
B SEGMENT A LED's (F P ) 
c B 
D c 
E D CURRENT SINK 
F E 
··-H F 
J SEGMENT G '""ED's {F.P.) 
K LAMP TEST F. P. SWITCH 
L DATA IN 2\1 23T-J 
M 2 l 23T-K 
N 2:.:: 2 3T -_L 
p 23 23T-M 
R 24 23T-N 
s 2:> 23T-P 
--
T 21) 23T-R 
--·------
lJ 2' 23T-S 
----·-··--··-· --------.--.. 
v 2" 23T-T 
w 2g 23T-U ---·-----
. ----- ---·-·· ------
X 21\1 !23T -V 
--y DATA IN 2 1 1 .23I-W 
z GND 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
31T 0075 
B-32 
NO. FUNCTION FROM NOTES 
1 +5V 
2 LED ANODE 1st LED s \F.P.) 
..J 3 2nd I 
4 3rd CURREN7 SOUP.CE~ 
5 4th I 
6 5th 
7 LED ANODE 6th LED s (F.P.) 
8 LOAD A 5B-4 10.4 kHz 
9 LOAD B 




14 21 6 
15 21 I 
16 21 8 ! 
17 219 
18 22 0 : 
19 22 1 ~ 20 2""' 
21 DATA IN 22 3 
22 GND 
A +5V 
B SEGMENT A LED s (F.P.) 
c B 
D c 
E D CURRENT SINK 
F E 
··-H F 
J SEGMENT G 1 Fn • s (E.~.) 
K LAMP TEST F p c:;wrrr.H 
--L DATA IN 20 28T-S 1 
M 21 28T-R ? 
N 22 28T-P 4 FRAMI=" COUNT --
p 23 28T-N R 
-------
R 2" ?RT-M IHl 
s ~ 28T- L l?n 
T t' 2RT-K l4n 
u 27 28T-J IRn 
v -;6 
w ~ I 
X ?l 0 i 
y DATA IN 21 1 I 
z GND l 
TITLE DRAWING NO. 












8 . 1 Hz. 
9 1 Hz. 
10 1 0 Hz. 
11 100 Hz. 
12 1 kHz. 
13 1 0 kHz. 
14 100 kHz. 






























-·--··-----. . ··---···-y 
-------
z GND 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
1 8 0101 
8-34 
NO. FUNCTION FROM NOTES 
1 +5V 
2 +12 v 
3 
4 VCO {OUT) ' 






11 TCD {OUT) 
12 TCD (IN} B .P. BNC CONNECTOR ! 
13 
14 : 
15 SPARE (OUT} B.P. CONNECTOR 










D VCO {IN) B.P. BNC CONNECTOR 


















TITLE DRAWING NO. 
WIRE LIST - LOCATION 
28 0073 
B-35 














































TITLE DRAWING NO. 




NO. FUNCTION FROM NOTES 
1 +SV 
2 
3 l{;U l;LK 














































TITLE DRAWING NO. 




NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 TCD CLK 4B-3 









































TITLE DRAWING NO. 
WIRE LIST - LOCATION 
58 0104 
B-38 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 DAIA HI I 
4 DATA Sli<Utst. I I I- I 0 
5 TCD STROBE lfi:S-lf 
6 NAV 6 
7 NAV 5 
8 READ INPUT VCO 
9 OR 48-8 
10 OF 48-9 
11 R+ 48-10 
12 R- 48-11 
13 B+ 48-12 
14 B- 48-13 
15 PRIME 1T-13 
16 02 CLOCK 








c DATA 2 
D NAV 1 
E NAV 2 
F NAV 3 i 
H NAV 4 ! 













----------- ·- ·---y 
-12V 
------z GND 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
68 0105 
B-39 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 DATA 1 :::»IKUIH. 01:)-J DATA 1 
4 DATA QUT 2 0 
5 2 7 
6 2 8 
7 ? 9 
8 2-rtr -
9 DATA OUT p-r-
10 DATA IN 82 l l 2ZI-W 
11 A2 l l 19T-W 
12 8210 27T-V 
13 A21U 19T-V 
14 82 ';! 27T-U 
15 A2 " 19T-U 
16 B2 B 27T-T 
17 A2 t! 19T-T 
18 82 I 27T-S 
19 A2 7 T'3T-S 
20 8 ro-\2'rl-_f!. -· 
21 DATA IN A2 6 jl9T-R 
22 GNO 
A +!:>V t--· 
B 
c IJATA 2 STROBE 6B-C IDATA 2 
D 1.)_1\T A OUT 2 " 
E r. 4 I t. 
F ~=R-- i H £. I 
J 2_:.,._,=-- I 
K DATA OUT " 0 i (. 
L DATA IN A_,: u TIT-J ! 
M 82 u ''23T-~' 
N f->1 {.. • I ~~T- K 
p B~ l 23T-K 
R A2 4 19T-L 
s B2 L. _23T-l I 
T A"t. ~ 19T- ~~ 
u 1:32 . Z..:lT-M 
v fl.2 '+ 19T-N 
w 82 '+ 23T-N 
X A'l. " 19T-P 
y DAT l\ IN 82 ::> 23T-P 
z GND 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
78 0107 
8-40 
NO. FUNCTION FROM NOTES 
1 +SV 
2 
--3 DATA 1 STROBE 68-3 IUAI A I 
4 DATl\. OUT 2 6 
-------; 
5 2 7 -----! 
6 2 8 
7 2 9 --
8 2 1 0 I 
9 DA 1\ OUT ;:::: 1 l i 
10 DA A IN 15i::::11 23T-W : 
11 _A2 1 1 l_? T -W ! 
12 8210 23T-V I 
A21o 15T-V ---< 13 i 
14 82 9 23T-U 
15 AZ 9 I!>T-U 
16 15Z II z;:ST-T 
17 A"t. B I !> I - l 
18 15 Z ., 231-S 
19 A2 7 15T-S 
20 82 b 23T-R 





c DATA 2 STROBE 68-C DATA 2 
D DATA OUT 2 !) 
E 2 .. 
F 2 3 
--H 2 :l 
J 2 1 
K DATA OUT 2 0 
L DATA IN A2 ° 15T-J 
M 82 ° 23T-J 
N A2 1 15T-K 
p 82 l 23T-K 
R A2 z 15T-L 
s 82 2 23T-l 
T A2 3 15T-M 
u 82 3 23T-M 
------v A2 .. •15T-N 
w 82 4 23T-N 
--------X A2 :. 1ST- P 
-·--y DATA IN 82 :> 23T-P 
- -------z GND 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
88 0107 
B-41 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 DATA IN 2" 78-F 
4 + 2;£ 78-H 
5 t 2 ~ 78-J 
6 DATA IN 2 II 78-K 
7 REGISTER FULL 








16 REGISTER EMPTY 128-H 
17 DATA OUT 2 u 
18 + 2 l 
19 t 22 





c DATA IN 2 .. 78-E 
D 2" 76-C 
E 2" 78-4 
F DATI\ IN 2 78-5 
H READ IN 68-8 ··-








T SHIFT OUT 128-7 
u DATA OUT 2 I 
v + 2b 
w t 25 




TITLE DRAWING NO. 
WIRE LIST - LOCATION 
98 0108 
8-42 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 DATA IN 2" 78-9 
4 ... 22 78-8 I 
5 + 2 1 78-7 : 
6 DATA IN 20 78-6 
7 REGISTER FULL 








16 REGISTER EMPTY 138-H 
17 DATA OUT 20 
18 t 2 1 
19 ~ 22 






c DATA IN 24 88-K 
D t 25 88-J 
E t 26 88-H 
F DATA IN 27 88-F 
··-H READ IN 68-8 








·--T SHIFT OUT 138-7 
u DATA OUT 2 I 
·-------·------.. ---·--
v ... 21) 
---------------
w + 2:. ------------ -- -. - ... 
X DATA OUT 2 .. 






--------------- ... -- ----
-
TITLE DRAWING NO. 
WIRE LISfos LOCATION 0108 
8-43 
NO. FUNCTION FROM NOTES 
1 +SV 
2 
3 DATA IN ~ " BB-5 
4 _! _f:l 8_8-4 
5 t 2 l 88-D 
6 DATA IN 2 0 8B-E 
7 REGISTER FULL 
-








16 REGISTER EMPTY 148-H 
17 DATA OUT 2 u 
18 2 l 
19 2;,( 





c DATA IN 2 88-6 
D + 2;) 88-7 E t 20 88-8 
F DATA IN 2 ' 88-9 
·--H READ IN 68-8 








T S_tii FT OUT 148 7 
u DATA OUT 2 -, 
v 2" 
w 2;) 




TITLE DRAWING NO. 
WIRE LIST - LOCATION 
118 0108 
8-44 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 DATA IN i:: 3 98-20 
4 t 22 98-19 j 
5 ~ 2 l 98-18 
6 DATA IN 2 0 98-17 I I 
7 REGISTER FULL 98-T 








16 REGISTER EMPTY 
17 DATA OUT 2 u 
18 ~ 2 .. 
19 i 22 
20 OAT OUT 2 3 
21 -12V 
22 
- ---------~ A +~v -
B 
--
c DATA IN 2'+ 96-X 
D ~ i::" ~ts-W 
··-E ~ 2~'~ ~B-V 
F UAT lN ~ 96-U 
·-H READ IN 98-16 





I p R 
--
s 
T SHIFT OUT 218-7 
u DATA OUT 2 I 
v • 2" w f z:. 
---- ·------ ·-·----X DATA OUT 2 .. 
---- - · - -~ . . --- -- . 
-y 
-12V 
--------- --- - - ·---
z 
----------------
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
128 0108 
B-45 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 OAT IN 2 :s 1 o8 .:2o 
4 t 2:l lOR-19 
5 t ? l lnR-lR 
6 DATA IN 2 0 108-17 









16 REGISTER EMPTY 
17 DATA OUT 2 u 
18 2 l 
19 2;£ 





c DATA IN 2 .. 108-X 
D 2ll 1 08-W 
E 2 b 108-V 
F IJAT, IN 2 ( 108-U 
H READ IN 108-16 








T SH IFl OUT 1218-7 
u DATA OUT 2 I 
v 2" 
w 2" 




TITLE DRAWING NO. 
WIRE LIS~ - LOCATION 0108 38 
8-46 
NO. FUNCTION FROM NOTES 
1 +SV 
2 
3 OAT!\ IN 2" 118-20 
4 2z 118-19 : 
5 2 1 JJB_- 1 A I 
6 DATA IN 20 llB-17 
7 REGISTER FULl 118-T 








16 REGISTER EMPTY 
17 OAT,~ 2 u 
18 2 l 
19 2L 
20 






c DATA IN 2 .. llB- X_ l 
D • 
2!> 11B-W 0 
E t 26 J1B-V ! 
F DATA IN 2 I 11 B-U 
··-H READ IN 118-16 








T SHIFT OUT 218-7 
-
u OAT OUT 2/ 
v 2" ·------·- -----·-- ----
w 2:;, 




TITLE DRAWING NO. 
WIRE LIST - LOCATION 
148 0108 
B-47 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 STROBE 21B-l6 
4 ROT 16B-4 
5 GKBn TO WANG 
6 GKB 1 
7 GKB? 
8 GKB!\ nr VJ1\Nb 
9 DATA IN 2 1 2 138-X 1 
10 2 1 3 13B-W 12 1 K 
11 2 111 13B-V 4 
12 2 1 5 138-U 8 
13 2 1 6 148-17 1 
14 2 1 7 148-18 2 10 K 
15 2 1 8 148-19 14 
16 2 1 9 148-20 8 
17 220 148-X 1 
18 221 148-W 2 100 K 
19 222 148-V 4 





c DATEN8 168-C 
D 
E GKAn TO ~ANG 
F GKA 1 
H GKA2 TO n\lnl 
J _GKA_!\ 
K DATA IN 20 128-17 1 
L 2 1 128-18 2 1 
M 22 , 2 8-19 4 
N 2" 12B-20 8 
p 2'~ 128-X l 
R 25 128-W 2 
s 26 128-V 4 10 
T 27 128-U 8 
u 28 138-17 1 
v 29 138-18 2 
w 21 0 1 38-19 4 100 
X DATA IN 2 l l 138-20 8 
y 
z GND 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
1 58 0072 
B-48 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 STROBE 218-lb 
4 ROT l_ 58-4 I 
5 GLo B_a FB ' WANG I I 
6 GL o B 1 FB + I 
7 Glo 82 FB t 
8 GL o B 3 FB WANG 
9 WSTB 9 
10 MAN RST (F. P. SWITCH) 















c DATI:.NH 158-C 
D PROGR1\ftl ERROR 
E l:ilo _flo FB WANG 
F GLo A1 FB 
H l:iLo A2 1-H 
J GLo A3 FB 
K 
L GKBD 











z GND i 
I TITLE DRAWING NO. WIRE LIST - LOCATION 
I 168 0071 
8-49 
NO. FUNCTION FROM NOTES 
1 +SV 
2 
3 STROBE 21_!!- _1_6_ 
4 END GROUND 
5 TAPE TRK 1 TO TAPE RCDR 
6 f 2 I TO TAPE RCDR I 
7 f 4 TO TAPE RCDR 
8 TAPE TRK 8 TO TAPE RCDR 
9 DATA IN 2 l' 138-X 
10 2 l 3 138-W 
11 2 l 4 138-V 
12 2 1 5 138-U 
13 2 1 6 148-17 
14 2 1 7 148-18 
15 2 l 8 148-19 
16 2 1 9 148-20 
17 2 2 0 148-X 
18 2 z l 148-W 
19 222 148-V 







E STEP & RECORD ITO TAPE RCDR 
F TAPE TRK A rro TAPE RCDR 
··-H TAPE TRK B TO TAPE RCDR 
J 
K OAT IN 2 0 128-17 
L 2 1 128-18 
M 22 128-19 
N 23 128-20 
p 24 l?R-X 
R 25 128-W 
s 26 12B-V 
T 27 l?R.=Jj 
--· 
u ~8 138-JZ 
--·--·-------- ·-·- --·-v ?9 13B =-13__ 
·--·---·----w ? 1 0 l~R-lQ 
·-·-·---X nATA TN ? 1 1 l~R-?() 
y 
z GND 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
178 0077 
B-50 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 DATA IN 2J GB-H 1NAV 4 
4 ... 22 NAV 3 
-68-F 
5 v 2 1 f6s-E NAV 2 
6 DATA IN 2 °--T6a-:-D NAV 1 ! 
7 REGISTER FULL ! 













16 REGISTER EMPTY 
17 DATA OUT 2 u ' 
18 2 1 
19 22 ' 






c I DATA IN 2 .. 68-6 NAV 5 
D t 2r 68-7 NAV 6. 
E t 26 GROUND 
DATA IN - 2 I GROUND ---- -----~~-· F 
H READ IN -------- (n3-J READ I -
-----------
N.PJJ_L_llA.'i _______ 
J 101 68-17 
·-· 
---K 
------ ------- ----------- - . .. --- --·--·--L 
·----- -- ·------ ----- --·-- --------
-------------M 
--· ----- ---- ·- ------- -. - -----·---N 




T ISH I FT OUT 218-H HIFT OIJT NAV 
" DATA OUT 27 1.) 
l v 1 26 
w t 2:. 




TITLE DRAWING NO. 
WIRE LIST - LOCATION 
"188 0108 
-------- --·- -- ·-·-- ------- -·.- --
--
B-51 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 DATA 1 STROBE 21B-6 rvrrr w. T~ llATE 
4 DATA OUT 2b i 
5 27 
6 2 8 
7 29 
8 2 l 0 
9 DATA OUT 2 1 1 
10 DATA IN B211 
11 A2 1 1 
12 8210 
13 A21o 
14 82 9 
15 A2~ 
16 82 8 
17 A2 8 
18 B2 ., 
19 A2 7 
20 B2b 20B-4 




c DATA 2 STROBE 228-H IDW UJ\TE 






J ' 21 
K DATA OUT 20 
L DATA IN A2° 1 7B- 5 TAPE TRK 1 
M 82° 208-K 
N A2 1 178-6 TAPE TRK -z 
p 82 1 208-J 
R A2 2 178-7 TAPE TRK 4 
s 82 2 208-H 
T A2 3 178-8 TAPE TRK 8 
u 82 3 208-F 
v A2'+ 178- F TAPE TRK A 
w 82 4 208-E 
X A2:. 178-H TAPE 1RK 13" 
y DATA IN 82 5 208-D 
z GND 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
198 0107 
8-52 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 DATA 1 STROBE LIB-f NAV DATA GA~T=E _____ _ 
4 DATA OUT 2b 
I 
9 DATA OUT 2 11 
10 DATA IN B2 11 
11 A2 1 1 : 
12 B2 10 
13 A2 10 
16 B2 8 -~1~7~---4--------~A~2~8--~----------------+----------------~ 18 B2 7 -----1 
~2~0~~~~~----~B~2~b-r.2~2~B~-~T ____________ ~c~:C~D~S>T~-E~:P ____________ ___ 
21 DATA IN A2 6 2lB-T NAV STEP ~~~~~------~--~~~-------------r~~~-------------~2=2~~GiN~ID~-------------r-----------------+-----------------­f----!.A~_+ t>"-, v"---------------r----------- ---+-------------------__ 
B ~c~D~lA~T~-A-~2S=T=R~O~B=E----+~22=B~-~S~--------t~~C~D-G_A_T_E ________ _ 
D DATA OUT 2:. 
F 2" ~f~l+---4---------~2~L-r-----------------+------------------
~~---4--------~~-r-----------------+-----------------J 2 i 
K DATA OUT 2° I 
~---"MNL=-----+-D-' A_T_-_ A-,--I_N ______ -=-AA8-=-222...--~-+- :1,....:::~~~-=-::-i -'---7 ------------+--C-O·N-T 1_~-=--=~-----} 
- 188-18 -i t-----=~'-----4------+---------=-~=-~-..----~ +=~=~'-=':-=-=-~ 9 __________ --F-"-"'-OI.LJ_ NT~___,2=---. ··----~-=~=-=~ f-----!~--+-------:,:..;..,...-+-:--::::.!::-~-------------+----------------- ______________ _, 
.___.-:So::-' +----t--------~8 72, 2_---+=2=-=2--=-B--74 -::----------------r-~--"'-Q1.!.L..J_ Nl T __1_ __________________ _ T A2 3 188-20 
t----:U==:--t----+--------~B 72,.,---3 --+=2=-=278_-7-:-3 _____________ ~-~l~~B __  ---=--=-~~-~~--~ V A2~ 188-X f--W'-:--+----+--------~872 ~ .. --t--:Gc--':'R~O-:-:-U=N =-o ------------- -------------------------- --------
f----::-:-+----+--------~...---+-=::...:::-::-~~------------t----------- ------ -- -- - --~~~D:::-:A:-::T=-=A~I ·:-:-N ---=_-=_-=_-=_~~';:!...'-=-~=-..-5:. ___ -:l_,_~:~:_g-U~ u..~.J_J -D~========-----~--- -~~--- - -- - -
Z GND 1-----'-----------------__._ _________________ .__ _________ '- ---- -- ' - ---- - -
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4 SY OfT FP 3 POSJTTON CONT SW 
5 
6 VCO DATA GATE 
7 SHIFT OUT vco 
8 
9 MEM CLR FP MEM CLEAR SWITCH 
10 
11 REGISTER EMPTY 188-16 
12 
13 
14 IU kHz 1 B-13 
15 SET PRIME ' :WIRED OR D WITH FP PRIME I 
16 VlU :SIKUBE sw 
17 148-X 









D PRIME lT-13 
E 
F NAV DATA GATE 







R 1 kHz lB-12 
s 








TITLE DRAWING NO. 
WIRE LIST - LOCATION 
218 0109 
B-54 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 CONT 8 
4 CONT 4 ! 
5 CONT 2 
6 CONT 1 I 
7 
8 
9 X10° 1 236-M 
10 • 2 238-L 11 t 4 238-K 
12 X10° 8 2 38-J 
13 X 1 0 1 1 238-S 
14 J 2 238-R 
15 t 4 238-P 
16 X 10 1 8 238-N 
17 X10 2 1 236-W 
18 2 238-V 
19 4 Z3B-U 








F NAV DATA CATE 21B-F 







R 1 kHz lB-12 
s TCD GATE 
T TCD STEP 
u TCD CLEAR 
----v 
w I RG 
-------X 
------------y 
----------. ----· ·- . ---- --z GND 
--
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
228 0111 
B-55 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 UP CUNIKUL 1-0VU\. 
4 CLOCK 41S-4 I LU ;) I KUIH. 
5 DOWN CONTROL l:iKUUNU 
6 LOAD 
7 CLEAR ZlH-U l~U ~Lt:.AK 
8 COUNTER LOAU zo 
9 t 1 
10 zz 
11 2_3 
12 2 4 
13 2 5 
14 26 
15 2 I 
16 211 
17 2!1 
18 2 1 0 
19 COUNTER LOAD 2 l 1 










J COUNTER LOAD 2" 
K 2z 
L 2 1 
M 20 
N 2 I 
p 26 
R 2:, 
s 2 .. 
T 2 l I 
u 210 
v 2!1 
w COUNTER LOAD 28 
X COUNTER OUT (13) 
y 
I z GND L 
I 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
! 238 0112 
B-56 
NO. FUNCTION FROM NOTES 
1 +5V 
2 
3 UP (.;UN IIWL 41:S-IU it<+ i 
4 CLOCK 48-4 TCD STROBE 
5 DOWN CONTROL I 48-11 R-
' 6 LOAD IF P RANGF I OAn SWITCH 
7 CL.EAR GROll NO 
8 COUNTER LOAD 2 u 
9 2 ! : 
10 2:l. 
11 ? 3 I 
12 ?lt : 
13 ? 5 
14 2b 
15 2 , 
16 2 tl 
17 2" ' 
18 2 .l u 
19 COUNTER LOAD 2 .... 












J COUNTI:R OUT 23 8 
K 22 14 
L 2 1 r2 
M 20 11 
N 27 lao ACCUMULATED 
p 26 140 
R 25 l?o ) RANGE 
-
s 2lt 0 
T 2 l l IRO () INFORMATION 
u 210 1400 
v 29 I 1200 --------
w COUNTER OUT 28 1100 
-------- -- · -· - · ·-· --
X COUNTER OUT {13) 
-- - --·- - . - -- -· --y 
--- · -- - .. --·----
z GND I 
TITLE DRAWING NO. 
WIRE LIS'; - LOCATION 
24B 0112 
B-57 
NO. FUNCTION FROM 
1 +5V 
2 
3 UP CONTROL 48-12 
Pc= CLOCK I ~~=13 . 5 DOWN CQNIRQL 
6 LOAD I 
I I 

















~ F liT 
I· ~ COUNTER 
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• X COUNTER ;___r_ 








2 I ! 
2" i fl ! 
2 1 u I 



























































_j DRAWING NO. 
NO. FUNCTION FROM NOTES 
1 +SV 
2 LED ANODE 1st ILI:.U s (F.P.) 
3 2nd 
' 
4 3rd CURRENT SOURCE 
5 4th 
6 5th 
7 LED ANODE 6th LED Is ( F p } 
8 LOAD A 18-12 1 kHz 
9 I OAD B 18-12 11 kHz 
10 DATA IN 21Z 24R-M 11 
11 213 248-l 12 
12 ?14 ?4R-K 4 
13 215 248-J 8 
14 216 248-S 10 ACCUMULATED 
15 2 ~I 248-R 20 
16 2111 248-P 40 J RANGE 
17 2D 248-N 80 
18 2'u 248-W 1001 INFORMATION i 
19 2"-~ 248-V 200 1 20 2L.<; 248-U 1400 
21 DATA IN 2'3 248-T BOO 
22 GND 
A +5V 
B SH.;Mr.Nl A LED Is (F. p. ) 
c 8 
D c 
E D CURRENT SINK 
F E 
--H F 
J SEGMENT G LED Is ( F p ) 
K LAMP TEST F P SWITCH 
L OATJ IN 20 258-M 1 
M 21 258-L 12 
N 2z 258-K 14 
p 23 258-J Ia 
R 2 .. 25B-S 110 ACCUMULATED 
s 2:> 258-R ;20 
T 211 258-P 40 J BEARING 
u 2' 258-N 80 
v 20 258-W 1001 INFORMATION 
w 29 258-V 200 
X 2~u 258-U 400 
y DATA IN 211 258-T 1800 
z GND 
TITLE DRAWING NO. 




I NO. FUNCTION FROM NOTES 
1 +5V 
2 
I 3 UP CONTROL F P FRONT /REAR WHEEL SEL 
i 4 CLOCK 48-4 TCD STROBE 
I 5 j DOWN CONIIWI I GBOUNQ 
I ! I ~~EBLOAD I !E.~. ODOMEIER LQ8Q sw :GROUND 2~ 
I 9 2 
ilO 22 
I 11 ?~ I 
'12 ! 24 
13 25 
14 2b 
15 2 I I 
' 16 2tl ~ I 
I 17 29 
18 2lU 
I 19 COUNTER LOAD 2U 
20 COUNTER OUT liZ) ' 286-~ 
21 
22 GND I I 
A +!>V I 
B : 
c l : 
D --; ' 
E 
~ I ,, 
··-H " 
J COUNTER OUT 2~ I !8 
K 22 :4 
L 21 2 
M 2u ~J 
N 27 ! t80 I ACCUMULATED 
p 2b l 40 
R 25 : 20 I RANGE 
s 2'+ I llO I 
T 21! J800 INFORMATION 
u 2l u l400 
! v 29 
' 
200 
i w COUNTER OUT 2tl 1100 
X COUNTER OUT (13) ' I 
y 
z GND 
TITLE DRAWING NO. 
WIRE LIST - LOCATION 
i 278 0112 
I 
B-60 
NO. FUNCTION FROM NOTES 
1 +SV 
2 
3 UP CONTROL .P.FRONT/REAR WHEEL SEL 
4 CLOCK 278-20 ODOMETER CARRY 
5 DOWN CONTROL GROUND 
6 LOAD r. P ODOMETER LOAD SW 
7 CLEAR GROUND 











19 COUNTER LOAD 211 










J COUNTER OUT 2" 8000 
K 22 4000 
L 21 2000 
M 20 1000 
N 27 80000. J ACCUMULATED 
p 26 40000 RANGE 
R 25 20000 ; INFORMATION-
s 24 10000 I 
T 2.Ll Annnnn 
u 210 400000 
v 29 200000 
w COUNTER OUT 28 100000 
X COUNTER OUT (13} 
y 
z GND 
TITLE DRAWING NO. 






































f T u I v 






























212 : 28B-M 
?13 
'- : 288-L 
·n~+ ,_ '26B-K 
215 I 28B-J 
216 
-288-S 
211 ; 288-R 
2u 
· 28B-P 
219 ·~:=~ 220 221 
')22 • 28B-V 
'288-t. 













,., 0 278-M 
'· 21 27B-L 
zz 27B-K 
p 278-J 







































IF p SWITCH -, 
1 ! 
~ I 








NO. FUNCTION FROM NOTES 
1 +SV 
2 
3 Ul' CUNIKUL +5VOC 
4 CLOCK _lB-_l_O 1n H7 
5 DOWN CONTI?nl r,RniiNn 
6 LOAD 
7 CLEAR GROIINn 











19 COUNTER LOAD 211 










-J !COUNTER OUT 23 _a 
·-K 22 4 
L 21 2 
M 20 1 ELAPSED TIME 
N 27 RO 
p 26 40 
R 25 20 ) 
s 2'+ 10 
T 2'" 800 
u 210 400 
v 29 200 
w COUNTER OUT 2B 100 
X COUNTER OUT (13) 
y 
z ~NO 
TITLE DRAWING NO. 







Gates, Series 54/74 
DM7400 (SN7400) quadruple two-input NAND gate 
DM7410 (SN7410} triple three-input NAND gate 
DM7420 (SN7420} dual four-input NAND gate 
general description 
Key features include: 
• Typical Noise Immunity 
• Guaranteed Noise Immunity 
• Fan Out 




Employing TTL (Transistor-Transistor-logic) to 
achieve high speed at moderate power dissipation. 
these gates provide the basic functions used in the 
implementation of digital integrated circuit sys 
terns. Characteristics of the circuits include high 
noise immunity, low output impedance, good 
capacitive drive capability, and minimal variation 
in switching times with temperature . The gates 
are comP<~tible with and interchangeable with 
Series 74 equivalent. 
4.75V to 5.25V 
• Average Propagation Delay 13 ns 
• Average Power DissiP<~tion 10 mW per gate 
schematic and connection diagrams 
r-----... -----.-----Vcc 
1.0 





OM7400 DM7410 DM7420 
"' 




















Gates, Series 64/74 
DM7430 (SN7430)eight-input gate 
general deacription 
Employing TTL (Transistor-Transistor Logic) to 
achieve high speed at moderate power dill&ipation, 
the DM7430 provides tha basic functions UMd in 
the implementation of digiUII integrated circuit 
systems. Characteristics of tha circuit includes high 
noise immunity, low output impedance, good 
e<~pacitive drive e~pability, and minimal variation 
in switching tim85 with temperature. The 
DM7430 is compatible and interchwlguble with 
Series 74. 
schematic and connection diagrams 
... 
1 .. 1 .. 
" " 
1 .. 
Key features include: 
• Typical NoiM Immunity 
• Guarantnd NoiM Immunity 




• Allowable Power Supply Variation 
• Average Propagation Delay 
• Average Power Dissipation 
I. I. 
J 
4.75V to 5.25V 
13 ns 






·---·--------- - - -------------- ··-···----------·--·-- --- ---·- ·--' 
DM8030 C-3 4 / 
r------------------------------------------------------------------------------------------,~ 
DM8040 (SN7440) dual four input buffer 
general description 
Employing TTL (Transistor-Transistor -Logic) the 
DM8040 buffer is used when high tan -out is de-
sirable. In addition to driving a large number of 
TTL inputs, this buffer can be used to drive lines 
between equipments, to operate small relays and 
lamps (50 mAl. and to act as a clock driver for 
synchronous logic systems. It is completely com 
Piltible with other Series 74 devices. 
schematic diagram 
... 
Key features include : 
• Typical Noise Immunity 
• Guaranteed Noise Immunity 
• Fan Out 
• Diode Clamps on Inputs 
4 K 
Sdt..,lte: tiMM •• f\l.lf of 4ul ""'' 
connection diagram 
Vee 









Gates, Series 54/74 
DM5402/DM7402 (SN5402/SN7402) quad two-input NOR gate 
general description 
The DM5402/DM7402 is a Quad 2-input NOR gate 
utilizing TTL (Transistor-Transistor Logicl to 
achieve high speed at nominal power dissipation. It 
is completely compatible with other Series 54/74 
devices. 
Features include: 
• Input Clamping Diodes 
• Typical Noise Immunity lV 
schematic and connection diagrams 
• Guaranteed Noise Immunity 400mV 
• Fan-out 10 
• Allowable Power Supply Variation 
OM5402 4.5V to 5.5V 
DM7402 4. 75V to 5.25V 
• Average Propagation Delay 12 ns (with 50 pF I 
14 mW per gate 
OM6402/0M7402 INCh ptel 
.---.... - - .... --~~-o ... 


















DM7004/DM8004 (SN5404/SN7404) hex inverter 
general description 
The DM7004/DM8004 is a hex inverter utilizing 
TTL to achieve high speed at nominal power dissi -
pation . It is totally compatible with other Serin 
54/74 devices. 
Features include: 
• Input clamping diodn 
• Typical Noi$8 Immunity 1V 
schematic and connection diagrams 
• Guaranteed Noise Immunity 400mV 
10 • Fan-out 
• Allowable Power Supply Variation 
DM7004 4.5V to 5.5V 
DM8004 4.75V to 5.25V 
• Awrage Propagation 
Delay 
• Awr.-ge Power Diuipation 
12 ns (with 50 pF) 
10 mW per gate 
DM70CM/DMIOCM 
-------4 ..... ----..... ~-o ~ .. 
.. .... •• 
w c 












hex inverter buffers/drivers 
genera I description features 
• Input clamp diodes 
• High voltage open-collector outputs 
DM5406/DM7406 
DM5 .. 16/DM7416 
JOV 
15V 
These TTL hex inverter buffers/drivers are fully 
compatible for use with TTL and DTL logic cir-
cuits. Each inverter features high-voltage, open-
collector outputs (DM5406/DM7406 30 volts 
minimum breakdown and DM5416/DM7416 15 
volts minimum breakdown). These inverters also 
feature high sink current capability. (OMS-406, 
DM5416 30 mA and DM7406, OM7 .. 16 40 mA). 





• 15 ns typical propagation delay time 
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(SN5407 /SN7407 ,SN5417 /SN7417) hex buffers/drivers 
general description 
These TTL hex buffers/drivers are fully compatible 
for use with TTL and DTL logic circuits. Each 
buffer features high-voltage, open-collector outputs 
(DM5407/DM7407 30V minimum breakdown and 
DM5417/DM7417 15V minimum breakdown) . 
These buffers also feature high sink current capa-
bility (DM5407, DM5417 30 mA and DM7407, 
DM7417 40 mA) . 
features 
• Input clamp diodes 
• High voltage open-collector outputs 
DM5407 /OM7407 
DM5417/DM7417 
• High srnk current capability 
DM5407 ,DM5417 
OM7407,0M7417 
• 14 ns typical propagation delay time 





schematic and connection diagrams 
---... --... ----<> "" 
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DM5442/DM7442 (SN6442/SN7442) BCD to decimal decoder 
general description 
The OM5442/0M7442 utilizes SeriiS 54/74 com· 
patible circuitry to decode a four-bit BCD number 
to one-of-ten decimal outputs. TheN tan decimal 
outputs are e~pabla of driving 10 standll"d TTL 
loads each. 













The decoding logic is deti!Jlad such that when 
binary numbers between 10 .nd 15 are applied to 
the inputs, no outputs are enabled. 
....... .,.., .. ....,. 
. . ' 
IWfl'lff """"' ..... , ., .. , .. , .. , .. II'VI hfNI ... 
I I I J I I I 
logic table 
0 ( I .. 0 I .. .. 
0 0 II 0 0 I 
It 0 I 
00 I 0 
0 0 I I I I I 0 I 1 I I 
0 I 0 0 I I 0 I I I 
I I I 0 I I 
0 I I 0 I I 0 I 
I I ~ I l 0 1 I 
::; ! : : : : : ~, 
I I 01 t I ' I :;::: :I 
1 I I 0 I I I 1 I 1 I I I I 
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Flip Flops, Series 54/74 
DM5474/DM7474 (SN5474/IN7474)du•l D flip flope 
general description 
The DM5474/DM7474 dual D flip flops are de-
signed for use where the flexibility of two inputs, 
such as on a JK or an RS flip flop, are not required. 
If only a single input (two logic combinations) 
can be utilized, then an extra input is superfluous. 
The DM5474/DM7474 have only a single DATA 
input. The logical level applied to this DATA input 
is transferred to the 0 output when the clock 
pulse voltage rises to a logical 1. It is only necessary 
to set·up information on the DATA input several 








.... . ,......._ !--•• ·~ DATA ·~ 
ClOCK Q CLOCa Q CLICK 6 
nanoseconds before the clock pulse voltage rises; 
likewise it ii only neceuary to hold that informa-
tion seYeral nanoseconds after the clock pulse vol· 
tage reachli the logical 1 level. DATA information 
is then fr~ to change in preparation for the next 
clock pulse. Since only one pin is used for data 
entry, fully asynchronous (both PRESET and 










... : a....-e .. cuaa-a •• ....,. .. 
............ ,u.a ......... , 
• r-- 'LOCK 0 -
CLOCK 
Q 0AlA Q OAf A 
ar-
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DM5475 /DM7475 (SN5475/SN7475) quad latch 
general description 
The DM5475/DM7475 is a four-bit stora~ element 
utilizing latch-connected 9'tes to perform the 
memory function. TTL circuitry is employed 
providing fast speed tnd high noise immunity . 
The information bits to be stored are applied to 
the D inputs. If the CLOCK input is in the logictl 
1 state, the a output will follow the information 
applied to the corresponding 0 input. When the 
logic and connection diagram 
••• 
typical applications 
Buffer Stor ... fiN' tnd;..,on 
} .. , ..... I ·11 
CLOCK is taken to the logical 0 sttte, whatever 
binary 1t1te was present on the D input at the time 
of this trtnsition will be stored on the a output. Q 
ia1l10 provided for added flexibility. 
Two separate clock input lines are provided, each 
controlling two lttches, 10 that other applica· 
tions-such as a two-phase flip-flop-can be per· 
formed. 
truth table 
I. 1,. ., 
0 a 0 
I I 0 
0 D 1 
1., ' tUN ,..,...,., te Mttllft ptftf 
cl.c:kll ... t .... 
· ~ ·' (Hftf thet ....... ..... 
cite• .,.,.. ... . 
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DUAL J-K MASTER-SLAVE FUP-ROP 















1. tn • llt 11- Mforo clock 
pulse . 
Q Q GNO K Q Q 
2. tn+1 • lit tl- crltor clock 
pulse. 
Clocl& Pnooot Ct.. J Vee Clod< Pnooot C .... 
pos ltlw logic 
Low Input~ prtset sets Q ~logical 1 
Low Input ~ ciNr sets Q ~ logical 0 
CINr and prtset art independent from clock 
desc riptlon 
The SN7~76N J-K flip-flop Is b..-1 on the -tor-tlcwo 
principle. ln,utt teo the m•ter •Mtl., •• -.troll .. by 
the clock pulse. The clock ,..,1•• aloo ,....1-.s the state 
of the c ... pll .. tr-lston "'hlch CCifttle<:t the -tor ond 
''""" 10ctl-. The ""'...,c• of .,..atiOft h • loll-• 
<-"•"'•l)t 
1 . ftolQte el_._,e from ma1t•r 
HIGH 2~ 
LOW.:_/ \!.. 
2. Enter lftformatlon lrOftl J and K 1..,.,11 to -tor F ..... o I - Fllp~lop Clocl& W.,.,of-
3. Disable J ond K lnpuh 
~. Tr-'- Information frOftl.....,.. to''"""· 
absolute maximum riitlngs owr operating free-air temperature riinge (unless otherwise notedl 
Supply Valtog~, Vee (Soo Note 1) .• 
Input Volt••· v1., (Soo Noles I ond 2) 
Oporatlne Froo -Air T omporatvro Rongo 
Stor"'ll• T ....,.raluro Range 
NOTES: I . Volt"'ll• values an with respect to not..,or\t llround terminal 
2. Input signals mutt bo xoro or positive wltk rospocl to notworlt erou..d lonnlnol. 
t Potented Dy Texas lnttrumenh. 
~struments reserves the rieht to make 
; at any time in order to improve dt· 
d to supply the best product possible. 
C-12 
TEXAS INSTRUMENTS 
INCOit .. Oit A T K D 
•t:MtCONOUCTOII·COMP'ONI:NTe OIVIeiON 
"OST O,P'ICI. 80X SOil • DALLAl 12 . T'AAI 
7V 
. .5 . .5V 
o•c to 70°C 
-ss•c ro 125"C 
SC-9889 
Joni.Jary, 1967 




































DM5490/ DM7490 (SN6490/SN7480)decede countef 
DM5492 /DM7492 (SN6492/SN7412) divide-by-twelve counter 
DM5493/ DM7493 (SN5493/SN7493) four-bit binary counter 
general description 
These TTL ITransistor·Transistor·L.ogic) monolithic 
counters 1re capttble of counting pulses at a 
guaranteed frequency of 20 MHz. Gating is pro-
vided to reset the count•• to the more populw 
states. Olaracteristics include high speed at moder· 
ate power dissipation, high noise immunity, and 
minimal variation in performance over tempera-
ture. These circuits are completely compatible 
with other series 54n4 devices. 
To provide greater flexibility, the countws m•y be 
used in any of the modes as follows: 
OM5490/DM7490 
1. BCD decade counter-connect the A output 
to the BD input. This is the OOI'mal mode of 
operation . 
2. Symmetrical divide-by-ten operation--connect 
the D output to the A input. When pullft are 
then applied to the BD input, a symmetrical 
waveform one tenth of the applied frequency 
will appear at the A output. 
3. Divide-by-five operation-if no external con· 
nections are made a frequency division of 
five will result between the BD input and the 
D output . This allo~s the flip flop A to be 
used to divide-by-two if desired. 
logic and connection diagrams 
DMM82/DM7492 
1. When used as a divide-by·t-lve counter out· 
put A is connected to the BC input. In this 
mode outputs A, C, and 0 provide divisions by 
2, 6, and 12 respectively. 
2. When the connection is not made betwwn A 
and BC, and when an input frequency is 
applied to the BC input, a frequency divi-
sion of 3 and 6 resulu on the C and D out-
puts respectively. In this mode the A flip 
flop may be used independently except for 
the common rewt input. 
OM6483/0M7493 
1. When used as a four-bit binary counter, output 
A is connected to the B input. In this mode 
outputs A, B, C, and D provide divisions by 2 . 
4, 8, and 16 re~pectively. 
2. When the connection is not made between A 
and B and when an input frequency is applied 
to the B input, a frequency division of 2. 4 and 
8 results on ttle 8, C, and 0 outputs respec-
tively. In this mode the A flip flop may be used 




IC IJIPUl IIIC NC llllt Vr, H111 
OM6492/0M7 492 
·-----··--···-----··----·- ·------··· 
__ __ j OM5493/0M7493 




4-line -to-16-line decoder/demultiplexer 
general description 
The DM54154/0M74154 is a TTL monolithic 
4-line-to-16-line decoder which allows decoding of 
a 4 bit bin1ry coded input into one of 16 separate 
outputs. The device is provided with two strobe 
lines, both of which have to be 1n the low state 
in order to perform the decoding function; if 
either of the strobes is high, all 16 outputs will 
remam high . The device can be used as a demulti· 
plexer by passing information from one of the 
strobes (the other being low) to an output selected 
by the 4 line input address. Other device features 
include : 
logic and connection diagrams 
( 
• Equivalent to Fairchild's 9311-51/9311-59 and 
Texas Instruments' SN54154/SN74154 
• All inputs contarn clamp diodes 
• Unit performs as a one line to 16 line demultr · 
plexer 
• Unit performs as a decoder of a 4 bit binary 
input to 1 of 16 outputs 
• Typical propagation delay is 20 ns from inputs 
and 17 ns from strobe 
....... 
C-14 
..... .. ..... 
••• t". ~ ·- ---A-~- · - --·, ,- --.A----~ 
___ .. __ 
truth table 










CIRCUIT TYPES SNS4192, SNS4193, SN74192, SN74193 
SYNCHRONOUS 4-IIT UP /DOWII COUIITEIS (DUAL CLOCI WITH CLEAR) 
• Cascading Circuitry Provided tn•nally 
• Synchronous Operation 
• Individual Preset to Each Flip-flop 
• Fully Independent Clear Input 
• Typical Maximum Input Count Frequency ... 32 MHz 
description 
These monolithic circuits are synchronous reversible (up/down} 
counters having a complexity of 55 equivalent gates. The 
SN 54 192 and SN 7 4192 are BCD counters and the SN54193 and 
SN 7 4193 are 4 -bit binary counters. Synchronous operation is 
provided by having all flip-flops clocked simultaneously so that 
the outputs change coincidently with each other when so 
instructed by the steering logic. This mode of operation 
eliminates the output counting spikes which are normally 
associated with asynchronous (ripple-clock) counters. 
JOR N 
DUAL·IN-LINE PACKAGE (TOP VIEW) 
logic: Low mput to load seu OA • A, 
a 8 • B. ac • c. and a0 - D 
The outputs of the four master-slave flip-flops are triggered by a low-to-high-level transition of either count (clock} 
input . The direction of counting is determined by which count input is pulsed while the other count input is high. 
All four counters are fully programmable; that is, the outputs may be preset to any state by entering the desired data at 
the data inputs while the load input is low. The output will change to agree with the data inputs independently of the 
count pulses. This feature allowl the counters to be used as modulo-N dividers by simply modifying the count length 
with the preset inputs. 
A clear input has been provided which forces all outputs to the low level when a high level is applied. The clear function 
is independent of the count and load inputs. An input buffer has been placed on the clear, count, and load inputs to 
lower the drive requirements to one normalized Series 54/74 load. This is important when the output of the driving 
circuitry is somewhat limited. 
These counters were designed to be cascaded without the need for elCternal circuitry . Both borrow and carry outputs 
are available to cacade both the up- and down-counting functions. The borrow output produces a pulse equal in width 
to the count-down input when the counter underfloW$. Similarly, the carry output produces a pulse equal in width to 
the count-up input when an overflow condition exists. The counters can then be easily cascaded by feeding the borrow 
and carry outputs to the count-down and count-up inputs respectively of the succeeding counter. 
Power dissipation is typically 325 milliwatts for either the decade or binary version. Maximum input count frequ ency is 
typically 32 megahertz and is guaranteed to be 25 MHz minimum. All inputs are buffered and represent only one 
normalized Series 54/74 load. Input clamping diodes are provided to minimize transmission-line effects and thereby 
simplify system design. The SN54192 and SN54193 are characterized for operation over the full military temperature 
range of - 55°C to 125nC; the SN74192 and SN74193 are characterized for operation from 0°C to 70°C. 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage Vee (see Note 1} 
Input voltage (see Note 1} 
Operating free -air temperaturt! range: SN54192 and SN54193 Circuits 
SN74192 and SN74193 Circuits 
Sto1 age tempe1 ature range 
'/. ol to~q\ · v o1l utt~: .tn! vv11h respuc 1 1o n .... rwvrk nround ll!tr,Hnal 
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TEXAS INSTRUMENTS 
I N ( f,f< t' flJ{ ~ f I (J 
-, v 
5 .5 v 
- 55"C ro 175"c 
o"c to 7o··c 





4 - Bit Shift Register 
LOGIC DIAGRAM 





Mit Oz O;s 
15 14 IJ 12 
Vee= Pin 14 
Gnd =Pin 8 
II 
PIN NOMENCLATURE 
Parallel Enable (Active Low) Input 
Parallel Inputs 
First Stage J (Active High) Input 
First Stage K (Active Low) Input 
Clock Active High Going Edge Input 
Master !Wset (Active High) Input 
Parallel Outputs 
Complementary lAst Stage Output 
Data entry is synchronous with the registers changing state after 
each low to high transition of the clock. With the parallel enable 
low the parallel inputs determine the next condition of the shift 
register. When the parallel enable input is high the shift register 
performs a one bit shift to the right, with data entering the first 
stage flip-flop through JK inputs. By tying the two inputs together 
D type entry Is obtained. 
The asynchronous active low master reset when activated over-
rides all other input conditions and clears the register. 
TRUTH TABLE FOR SERIAL ENTRY 
J K Q oat tn + 1 
L L L 
L H 90 at tn (no change) 
H l Q0 at t0 (toggles) 
H H H 









DM9301/DM8301 BCD-to-decimal decoder 
general description features 
The DM9301 /DM8301 ut ilizes Series 54/74 com· 
patible circuitry to decode a four-bit BCD number 
to one·of· ten decimal outputs. These ten decimal 
outputs are capable of driving 10 1tendard TTL 
loads each. 
• 125 mW typtcal po-r dissipation 
The decoding logic is designed such that when 
binary numbers between 10 and 15 are applied to 
the inputs, no outputs are enabled. 
logic and connection diagrams 
·- - . ... -···-·· ·---·----· ·-···----·-·--
-.. . --... .. . 
C- 17 
• 20 ns typical propagat ion delay 
• Clamp diodes on inpuh 
"'"Ill'' 
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1 .. II .. 
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.. I 
. • ' ' • 
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retriggerable monostable multivibrator 
general description 
The DM7850/DM8850 is both pin-for·ptn and 
spec-for-spec interchangeable with the 9601 one· 
shot. Pulse widths range from 50 ns upward 
depending upon the values of the external R&C 
used. The retriggerable feature allows for output 
pulse widths to be extended beyond the normal 
range attainable with just a resistor and capacitor. 





,. , n 
features 
• Input Clamping Diodes 
• Complementary DC Level Sensitive Inputs 
• Flexibility of Operation-Optional Retrigger-
ing/Lockout Capability 
• DTLITTL Compatiole Logic Levels 
• High Speed Operation-Input Repetition 
Rate> 10 MHz 
• Output Pulse Width Range 50 ns to oo 
• Leading or Trailing Edge Triggering 
• Complementary Outputs 



















DM7200/DM8200 four bit comparator 
general description 
The DM7200/DM8200 is 1 monolithic TTL 
(Transistor-Transistor Logic) circuit which is u141d 
to compare the numeric:W values of two four-bit 
binary numbers. Outputs indicate (1) whether 
number A is gr11ter than number B. (2) whether 
number 8 is greater than number A, or (3) whether 
the two numbers ere ltQUIL A ttrobe input over-
rides all other inputs and plec:11 the outputs in 1 
definite state. The design chottn provides miiCi-
mum speed with minimum circuit compleKity. 
Numerical comparisons of words longer than four 
bits may be made by using additional DM7200/ 
DM8200's only . 






• Series 54/74 Compatible 
• Typiul Noi5e Immunity 
• Guaranteed Noise Immunity 
• Typical Propagation Delay 
• Typical Power Diuipation 





• Digital stepping-motor control applications 
• Convergence applications 
• Summing junction for digital servo systems 
. . IIAOII 
Out~ut 
Number A4A3 A~A 1 Number 8•8 3 828 1 Strobe X y 
A .. B 0 1 0 
A ~-- . B 0 0 1 
A B 0 1 1 
A ~ B 1 0 0 
C-19 
Tri-State Logic 
DM7551/DM8551 tri-state quad-0 flip flop 
general description 
The DM7551/DM8561 is a tri ·5tate logic device 
which provides four D·type flip flops in one pack· 
age which operate synchronously from a common 
clock. Features of the device are : 
• Series 54/74 compatible 
• 23 ns typical propagation delay 
• 250 mW typical power dissipation 
• Outputs directly connectable for bus·line opera· 
tion 









• A "do-nothing' ' state accomplished without gat· 
ing the clock 
• Simple disable tmcoding 
A unique three·5tate output allow' the device to 
be ultd in bus-organized systems. The outputs can 
be directly wired to outputs of other DM7561/ 
DM8651's without encountering the problem' nor· 
mally met with "collector · ORing" TTL circuits. 
This is accomplished by gat ing the normally low 
impedance logical "1" or logical "0" output into 




. .,,.,, OUfJUI I"''"' Owl"'' ourrur IUIJUf 
" 
, .. 
0\llfV I t 
.. UILI IHIAitC . • ' • , ........ 
TRUTH TABLE IBotll Output DiNbiM Lowl 
'"''" ' ' 
'• 
DATA INPUT OISAIILE DATA •n•l 
INPUT OUTPUT 
loytC41 " 1'' un I or both 1npuu X o .. 
logr<:.,l " 0 " on hoth rnpuu. 1 1 
Log•cal " 0 " on hu1h tnputs 0 0 
)( Oon ·l Carr 
L _____________________________ ~ 
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TTL MSI 
OM7570/DM8670 eight bit serial-in parallel-
out shift register 
general description 
The DM7570/ DM8570 util1zes Series 54/74 com 
patible TTL circuitry to provide ah eight·bit 
serial-i n parallel -out shift register designed to oper· 
ate at frequencies of 20 MHz. Other features m · 
elude gated serial inputs for strobe capability and 1 
clear input which, when taken to a logical 0, asyn· 
chronously sets all flip flops to the logical 0 state. 





Because the flip flops are R -S instead of J·K . "'P"t 
information may be changed immediately pno1 tiJ 
the triggering edge of the clock waveform. LO\JI 
cal 1 levi!ls on SA and SB enter log1cal 1 '~ in to thl! 
shift register . Clocking occurs on the pos1tive go1ny 
edge of the clock pulse. 
" cuu " 
a1 a. ua 
________ j 


















MC4024F, L, P * 




MTTL COMPLEX FUNCTIONS 
Th• MC4324/402411oltiiQI-<:ontroUed multivibr1tor 
pr011idft appropri•t• lwei ltliftlnt to product 11n out· 
put eom,_tible with MTTL logic lewla. Frequency 
control is ac:compllah«< througll the u• of wlt.ge· 
lltrilblt current sou~ which control the altw rtte 
of. tlnlft capacitor. var;.tlon of"" output frequency 
011er • 3.5 to 1 ,.,.. Ia poulblt with 11n input de c:on-
trolvol-. of + 1.0 to +1.0 110lta. 
Vol-.·controlled multivibratora- ulld in llh••· 
locked loopa for ditic.l frequency control. They may 
IIIIo bl ulld for aome types of A to 0 con11en.n. 
Vee' VeM • I, U 
Ou~r •uffer • 14 
OND ' YeM • I, 8 
Output •uffer • 7 
IE•t.ernal Cepac'tor fOf' 
frequ-'C'W' "eftle Oa .... mlnatiM 
OutP"n Loedint '••or • 1 
,_ Olooi,..IIOI\ • 110 rnW typlpkl 
.... tmum Ope~atlnt ''ecavencY • 30 MH• typ 
CIRCUIT ICHIMATIC 
1/J Of' CIRCUIJ IHOMI 
















•F sutfl~t • TO · .. oeramic tfat ,....._ ... cc ... 6071. 
l. tuffhc • T0 ·1 18 eerarnfc ctu• I"·Une ,...k ... CC.M 632). 











C Outpwt lutf•r) 
....__! 'HAII·fRIGUIHCY DITICTOR "'\ MTTL COMPLEX FUNCTIONS l...__ ___ ____. 
MC4344F,L* 
MC4044F, L, P* 
C. .......... MTTL ... MDTt. ......... 
"cc .. ,.," 14 
GNO • ~In 7 
l,._,t Loedlftt P'ector · "'· VI • :J 
Out....,t L ... lnt ,~,., (~t'n I) • to 
r .... ~- o._,.,.,_ • •• ,_tv.,,.,.., 
tt~ttoft O••v Tl,... • 8 .0 ,.. tYit , .. , ...... __..,, 
Thio- _..,. two llltl1ei ,.._-ton and o m.go pump 
circuli - .,.._,. MTTL "-'' to • de walt• levof fof uoo in 
frequency dierlmi-ion- ~IOdUid-loap -'"'-Olano. 
TM two ..,_ doiOctoro "-co""""" insa,.o. l'tl..,_fraquoncy de-lle* t II._.., in li...ticalad II¥ boll! ou..,u highl wl!<ln tho._,""' 
lrMol-of ... _iobllinputiVII-Nfore.-u'f>UtiRIIorooqu_, 
in '-""v - ....... If tho·- i:1pUt io lower in fr~ncy or 
1 ... In ..,_, llle Ut lut>l OUII)ut Ill" 1-; ..,.,..ly tho Ot ldownl 
ou""'t P1 1- ...,.,. tM • .,;,... "'"'" it higher in frequency or le•h tho,.,.,_ i"'l"t on ph-. It il ;._unt to noll tl>ot the duty cycles 
of tho vliro,.. Input orsd tho,.,.,.,_ input oro not imporcant since 
""'"'"'" lf.,lillent contfol ""' ' """ _.._ 
"'-•-• 2. on !too olher hend, 11 lOcked in wll<ln tho vorooble 
'"""'...._ .... .,.,.,.,. ..... ..._11¥ IIO"t•-lad by tho U2 and Q2 
Goiiii"U IIIW-'1 fOI"II •- wolh tqual puiM ooridthol. If tho •••oble 
lnpwt pi\Mo .... II¥ rnoro lhilrl 11011, u:r will rerrnlin low lo"'Ir tl>an 02. 
- · _,Miy, if tho voriablo i"ll"t ph••• tho rofttonceph ... by 
... tt.on 110". 02 _,.,low 1.,_. In thil rh- dotector the vor•obf• 
input end the ref•~fttn f 't~ '"'''t heve &(W, duty cyciH. 
Tho ch•IIO pu"''> accvpll lilt ph- dttectot outwte lUI or U2 
-'ied to 'U.- 01 or 02 _.led to '01-c--. them to fixed 
.... iiUdo ---,._.;,. pul- et tho UF end OF outpull r-· 
IMIY. T'- pu- .,. -'ild 10 • .... IMd ectlva flit•. which ii\CO<po· 
,_ Htornel .. ...,.,._to, • ..,.., • tho wnptlfler provided in tho 
MC4344/~ circuit . The fW•r pfOVidn • de wol .... -rlion•lto 
tho ,.._ orroo. 
I'HAU DITIIiCTOR 
The pftM detletot portton of ttus device •• constructed utAnt low 
ond hit~>-...,_. 11101 intorcon'*tad • lh..- by tho lolic diogrorn . 
LOW-LEVIL '"".U.D" 04 Tl HtOH-LIVIL '""AND" GATE 
l~w-Oftly 
.............. 
-.... -.... - ......... 
CHAROI I!UMP 
I k 
______ ::;_= -!~------~~~==~----==-_:::5 _j l 
• F swfti• , TU -86 c•r•mic flu peclr. .. e (Ca• 607) 
L. "uffi x - TO 116 caramit. dual 111 line Pttelc. ... {CaM 1531 1 
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DCL 8440 DUAL AND-OR-INVERT GATE 
INTI GIAllO CIICUITI 
The 8440 Dual AND-OR-INVERT Gate implement. 
the Exclusive-OR funcUon. 
The active output structure of the 8440 provides hilh 
AC noise immunity due to its low output impedance 
in both the "1" and "0" output states. 
Output short circuit protection is provided by a cur-
rent limiting resistor. 
Values chosen for the collector and emitter rests-
tors of the phase-spUtter translator ensure optimum 
on-off relationships of the totem-pole output pair. 
General areas of application for the 8440 Include half 
and full adders, dJcltal comparators, and AND-OR 
control logic for inputs to binary clock steerlftl 
lines. 
Section 4 of this handbook contains helpful applica-
tions Information and usage rules for the 8440. 
BASIC CIRCUIT SCHEMATIC 
ELECTRICAL CHARACTERISTICS (NOTES: 1, 2, 3, 4, 5, 6, 14) 





























"l" OURPUT VOLTAGI 
"0" OUTPUT VOLT AOI 
''0" INPUT CUJIRIIM' 
"I" INPUT CUIIII&NT 
PAlll DELAY 




POWEll COIIIUMPTION OUTPUT "0" 
(Per O.te) OUTPUT " l " 
INPUT VOLTAQit IIATIHC 
OUTPUT IHOIIT CUICUJT CtltiiiiNT 
-
UMITI 







... 1 .... 










1. ~II voltaft- iintl t'lll\lllt:lt.nn meawr.-anU ,.,. refe'r.-ced kJ the ar<JWMI tennlul. 
l'torn-thtah• nol ~ 1nocifh•alty refernf"t'ld arr left rlcC"trlealty OIM"· 
'1., .\II m•·••urcnH'flts llr<" ta-.en with 1rouMI pln Uod &o aero YoUe. 
.I, J'n•lliVC' I "Urrt•nt 0~W i¥ doflrtuec:l a1 into the \eJ'ft\IM) fdefefli(' .. t. 
1. Pot~iUvc.- NAND I.QKI(.' <1.-UniUon ~ "I ;P " l.t~vel "l", "DOWN' ' Level "0". 
:i. l'rN·:•ullonar~ rnet~l4\trt'A should ht" Uken t.o .-naure current IJmiHnt In 1u·eordanr• 
w1th Alumlul.l• Maumurn H:aUnc• ~hO\lld the 1aolatton fiiodel bet~om« forward btu.ci. 
t:. Mt•o~tun•mt·nll'l ;iJlJ•Iy to r3dl ratt• e l.-ment lndfopcndrnUy. 
"1. f ~ ar~adl3nct• ~:. ml•w,.urf"<.l on Boonton EJPC'tronlcCorporaUoft Model 7!1A-S8 Capacl-
lllnl'(' Brhil(' nr t•t.tuwalrnt. ( lltCIIz, Vat: 2l"•mVrm•· All plu ~ 8J'M!'CUteally 
~~f;~t;n~:::,;:.r. ~l~l~: ra·.~ol~l~~::;:e r~=~~io~Lottt;;:!:. -~:;~~'~Tv"i<, one 
Input lt•rmtRill of aa.-oelated ANO l&lf', 
Tt:IT COI<DITIOHI 



















-u·<.: u•t: t.76V o:rv ·US,. A e 
•2:\•c •n•c 5.0V 0.1V ·33i!j~A • 
•t»•c •1$"C •.nv O.?V -2Zi!j~A • 
-$1"C o•c t .nv a.ov J.OV 7.2mA 1,12 
t21"C •aa•c a.ov ,,OV a.ov 1 .2mA •• 12 
•U$"C •n•c 4 .1&Y 2.0Y J .OV 7.2 .. A •••• 
-M"C o•c &.IIV 0.35V 1.21V 
•a5·c •25"C l.J&Y o.sav 1.21V 
•U$•C +1S"C 5.J&V O.SIY o.uv 
••n•c •15"C 6.0Y 4.1V ov 
•u•c •n•c a.ov P.C.F.O ... t 10,16 
-aa•c o•c 4 .15V A .<;.r.o. • z 11,1$ 
·u·c •u·c a.ov o.c.r.o . • t 10,16 
•u·c •n•c a.ov D.C.F.O. • I 10, 16 
+H•C •2a•c 6.0V z.ov 1 
·u·c •n•c I.UV 
•u•c •2$•C 6.16V ov 13 
•u•c •26•c 5.0V 
'"'A ov 
•u•c •li"C I.OV ov ov 
I . Outpwt tiM. C'urr"t II Npllll.cl t.Uouch a r .. lltor to Yeo· 
10. One OC fan ..out 11 defined u O.I"'A . 
11 . Ono AC , .. _,lode,_ 11 IOpl . 
12. To \ell "0'' ouf~M,lt t'OILt.ce, apply 2.0V kt Uw ln.pat Wii'WIIMl of one Input ANO &&tf't 
and apply uro wo1ta to U!e IApul tennlnal1 of 1M aeeoclated Input AND aate. Rr~ 
veru Input cond,Uonl W"!d me.IIW'e qaln. 
1:1. For outpu\ "I" powC"r ooneuJnptlon t.at, apply uro volte to OM Input terminal of 
auoctat.d Input AND cat ... 
14. Manufacturer re•ervee the r1aht 18 make deeiCft aDd pi'OOI .. cha••• ud lm-
prQ'femenU. 









S8481A, S8481J QUADRUPLE TWO-INPUT TTL NAND GATE 
N8481A, N8481J QUADRUPLE TWO-INPUT TTL NAND GATE 
(-55°C to + 125°C) 
( oo C to + 75 o C) 
The !l-!81 is a Quadruple, 2-Input NAND Gate with 
bare output collectors. Absence of any output pull-
up structure allows the user complete freedom in 
the use of the 8481 in collector-logic (wired-AND) 
and similar applications. Proper pull-up re•istor 
selection will allow as many as 30 outputs to be 
tied together Attention must be given to the "1" 
DC noise margin and the "O" fan-out when selecting 
a pull-up resistor . 
These devices are additional elements to the 
SHOOOJ product llne . For electrical character-
istic curves, refer to the S8480J electrical char-
acteristic curves in the S8000J data handbook . 
ABSOLUTE MAXIMUM RATINGS 
INPUT VOLTAGE 




('(' •6 . 0V 




'7':":.~.; .... ~ /···-· -·r~·· - · - /,.-Et ... -T ''··._ il .., (I} l ......... _ .. _ .... , :. - ......... __ 
t_,n,,_,.,.,...,_- . __ .L (I).....,._...,_ 
·~~ ~~ ~ I = ()) ... ....... ~ , .. , ·- - -~~· ~ (t) ~ .... ...., ..... 
·7 :SL4~ ~~~Hll-:i1_t~ - (I) ~;:.:=-_ u=~ 
! U U IJ U ~ - ........ - <•l l--.. .....-~~r 
.;" I'. . •. - ,.,_- • ·lOOt ........ CMrior 
, , t:l -1 .... \ . J ())~·--..- ........ 
...... ~( uotO.folroGI.< ••'•I'1. ·j .n- ..................... . 
-------------
BASIC CIRCUIT SCHEMATIC 
MOTl; 1,4Miallft~ ~....._..,,~ 
"laolatlon Oiod• 
OUTPUT CURRENT 







-ss•c to + 12!)•c 
o·c to +75•c 






{1) Rtc:Oiftmlftded ,,,.,1mum otlaet IMfOfe t .. d btnd 
(2) All IN4t wtk111Mt tnd solde•ab4t 
(3) All diltlltiiMlnt 1n tnc"tt 
(•) ltad sptct"l dttntntiOnt IJIPir to ttut .,,, onl, 
(~) S,.C.IIll toJeunttt non eumulthn 
(I) fftermtl ll~llftce frem Junct•" 
te lUll atr ... ~A. 0 l ' C/mW 
•I -- - . -·: I "" 
··l-. .-.i l .. , 
"I c--1· : !"'
,. _r. . "l t-11 
tl v.. ""{)~II 
,, ·· -..re ' !-·· 
.• . l-11- "' 
,, l i 1-· 
L-------------·- ----- -------·-·--·- .. 






9!!JDIIIIS PHASE LOCKED L • 565 
.. ---------------------
DESCRIPTION 
The SE/NE565 Phase Locked Loop (PLL) as a sell 
contained, adaptable filter and demodulator lor the 
frequency range from 0.001 Hz to 500 kH1. The circuit 
comprise~ a voltage-controlled o~tllator of ~l<ceptional 
stability and lineanty, a phase comparator, iln ilmplllter iind 
a low· pass filter as shown in the block diagram . The center 
frequency of the Pll is determined by the free running 
frequency of the VCO; thts frequency can be adjusted 
e~<ternillly With a resistor or a capac1tor . The low ·pass filter, 
which determines the capture characteristics of the loop, as 
formed by an internal resistor and an external capacitor 
FEATURES 
• EXTREME STABILITY OF CENTER FREQUENCY 
(200ppm/uC typ) 
• WIOE RANGE OF OPERATING VOLT AGE (t5 to t 12 
VOL TSI WITH VERY SMALL FREQUENCY ORIFT 
(100ppm/% typ) 
• VERY HIGH LINEARITY OF DEMODULATED 
OUTPUT (0.2% typ) 
• CENTER FREQUENCY PROGRAMMING BY MEANS 
OF A RESISTOR, CAPACITOR, VOLTAGE OR CUR-
RENT 
• TTl AND DTL COMPATIBLE SQUARE-WAVE OUT-
PUT, LOOP CAN BE OPENED TO INSERT DIGITAL 
FREQUENCY DIVIDER 
• HIGHLY LINEAR TRIANGLE WAVE OUTPUT 
• REFERENCE OUT~T FOR CONNECTION OF 
COMPARATOR IN FREQUENCY DISCRIMINATOR 
• BANDPASS, ADJUSTABLE FROM <tl% to >±60% 
• FREQUENCY ADJUSTABLE OVER 10 TO 1 RANGE 
WITH SAME CAPACITOR 
BLOCK DIAGRAM 
LINEAR INTEGRATED CIRCUITS 










J . Input 
4. veo Output 
5. Phfle eomparetOt veo Input 
6 Ref .. ence Output 
1. O.moduletad Outpu1 
8. E•t.,net R 101' VCO 
9. E•ternel e tor veo 
10. v• 
11. Ne 
17 . NC 
13. NC 
14 Ne 





4 VCO Output 
5 Ph•w Cornparator VCO tnpu1 
6 . Reference Ovtpt,tl 
1 Oemoduf•ted Outpul 
8. E .,ern•t R IO< veo 
CJ. El!lttttnat C tor VCO 
10 v' 
OROtR PART NOS. SE565K/NE565K 
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!li!)llliGI DUAL COMMUNICATIONS EIA/MIL LINE RECEIVER 
PRODUCT AVAILABLE IN 0° TO +75°C TEMP. RANGE ONLY. 
8T16 
""IE" TO IIJAOI 11 fiOR A AND f PACKAGI "N CONFIOU,.ATIONI. 
DESCRIPTION 
The BT16 Dual Communications Line Receiver provides 
receiving capability for data lines between Data Communi-
cation and Terminal Equipment. The device meets or 
exceeds the requirements of EIA Standard RS-2328 and C. 
MIL -STD-1888 and CCITT V24 . 
The receivers accept single (EIA) or double ended (MILl 
inputs and are provided with en output strobing control . 
Both EIA and MIL input standards ere eccommodated. 
When uaing the EIA Input terminal (with the HVtterllia 
terminal open). input voltage thrnhold levt~ls are typically 
+2V and -2V with a guaranteed minimum HVtteru of 
2.4V . By grounding the "Hysternis'' terminal, the EIA 
tnput voltage threshold levels may be shifted to typically 
tl .OV and +2 .1V with a minimum guaranteed Hysteresis of 
0.75V . (Note that when using the EIA inputs, the MIL 
mputs--both positive and negative-must be grounded) . 
DIGITAL 8000 SERIES TTL/MSI 
The MIL input voltage threshold levels are typically +0.6V 
and -0.6V with a minimum guaranteed Hvsteresis of 0.7V. 
A MIL negative terminal ia provided on each receiver per 
IP'Ciflcation MIL-ST0-1888 to provide for common mode 
noi• rejection . 
Each receiver includn a strobe input so that: 
a. A "1" on the strobe Input allows data transfer . 
b. A "0" on the strobe input holda the output high. 
ABSOLUTE MAXIMUM RATINGS* 





-65°C to +176"C 
0°C to +75°C 
• Limitint v1lun ebove which eervlceebllity mev t>e imp•1red. 
ELECTRICAL CHARACTERISTICS lOver Recommended Operating Temperature And Voltage) 
,..--·--
LIMITS TEST CONOITIONI 
CHARACTERISTICS INPUTS OUTPUTS NOTES 
MIN. TYP. MAX. UNITS 
IIA MILl+ I MILI-I HYI STROBE 
" 1" Output Volt~ (EIAI 
("HyatereSts" Open) 2.6 3.5 v -3.0V ov ov 2.0V -BOO,.A B. 10 
" 1" Output Voltege lElA) 
("Hyat11resis" grounded) 2.6 3.5 v +(),311 OV OV ov 2.0V -8001'A 8, 10 
" 1" Output Voltege (MILl 2.6 3 .5 v -0.1mA ov 2.0V -soo,.A B. 11 
2.6 3.6 v -0.911 OV 2.0V -eoo,.A 8. 11 
" 1" Output lloltege (Strobel 2.6 3 .5 v +3.QV ov ov O.BV -aoo,.A 8 
"0 " Output Voltege lElA) 
("Hyneresos" Open) 0.4 v +3.0V 011 011 2 .0V 9.6mA 9 , 12 
"0" Output Voltege lElA) 
("Hysterem" grounded) 0 .4 v +3.011 OV ov OV 2.0V 9 .6mA 9, 12 
"0" Output Voltege IMILI I 0.4 v +0.1mA ov 2 .0V 9 .6mA 9, 13 0 .4 II +0.9V OV 2 .0V 9 .6mA 9 , 13 
- -
-
T A = 25° C and V CC .. 6.0V 
---
LIMI'TI TIEIT CONDITIONS 
CHA .. ACTEIUSTICII INf'UTS OUTPUTS NOTES 
MIN. TYP. MAX. UNITS 
EIA MILl+ I MILI-I HYS STROBE 
--
"1" Output Voltege lElA) 2.8 3.!1 v +1 .211 ov ov 2.0V -BOO.,A 8, 10 
("HysteresiS" open) 
"1" Output Voltege (MILl 2.B 3.6 v +0.35V 
I 
ov 2.0V -BOO., A H. n 
'0" Output Voltage lElA) 0 .2 0 .4 v -1.2V ov OV 'J .OV Y.urnA !:i . 10 
("HystereSis·· open) i 
I 9 tJ1nA I o· Output Voltage IMI L I 04 v -0 .35V ov :> OV ! 9. 11 I 
1n ~ut Rtmstance (E IA I J 5 7 I 
I 
' Input Res!ltancc (Mill r I :~ 1~50: L:5o:· I ~ :~ _ ,_:_ ~--L- -- -·----··1.-... L .. . .. J ...... -. 
- --- - ----- #- - ----- .... 1. ---·---·-"------ - ---· --- . .1. ...... _ - · --- -
C-27 
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13 X 8 FIFO BUFFER REGISTER 51709 
FUNCTIONAL DESCRIPTION - The S1709 oontains thirteen 8 bit Pllrallel in-parallel out shift registers and the con-
trol logic nece111ry to achieve a first·in, first-out, (SILO) memory configuration. Extwnal controlslgnaluliow call*ling 
of rNny register wrays. The register may operate with Independent input and output data rates. The 51709 functions 
by synchronously accepting an 8 bit input data word and shifting the data word thru the registers iAto the last unfill.t 
register location. The control logic holds the data word in this location until an axternally applied shift out commend 
150 allows data to shift toward the output. The array Is fabrlcet.t with AMI's low VT prOCHI. Low cost TTL interface 






Bit Rate Smoothing 
Async:hronou•Synchronous Buffering 
MAXIMUM RATINGS 
Positive Voltage on any Pin 
Negative Voltage on any Pin 
Storage T ll'flperature 
Operating Temperature 







SPECIFICATIONS- (T A • 0° to +7ifJC, Vss"' +6V :t 5%, VGG • -12V ± 6%1 
VIH (Data) 
VIL (Data) 
v1H (q>1, q>2l 














Vss - 1.6 































pf I pf pf 
ma 
Conditions 
Data load • 1 TTL input 
Control load = 1 MOS input 
<;,oAD .. 26pf 
f = 0.1 MHz 
Thi• sheet ;5 intended to inform customers of a new circuit design that IS being considered . AMI makes no representation or warranties of any kind that 
these circuits are free from patent infringement. 
'fiW - PulteWidth .. 
to - Delay time between r ,Pl and ~2 put ... 
loL -Data L~ Time. 
Time tNt input •• ~ 
data must be valid 
before trailing edge 
of ,Pl. INI'UTI 
too -Output Delay. 
Propegetion delay 1-too--j 
from leading ed9e 
of ~1 to valid output 
data. 
Symbols and Definitions 
IAI- Read Input Command. 
A v1H signal on IRI 
generates a read 
input command when 
11 thru 18 contain 
V ll signals. 
150- - Shift Out Command. 
A v1H on 150 causes 
data in all registers 
to shift to the following 
register once each clock 
period. A v1L causes 
the register array to 
hold stored data indef· 
initely . 
ORE - Output Register 
Empty Indicator. v0 l 
indicates an empty 13th 
register. This signal is 
used when cascading 
arrays. 
OAF - Register Array Fulllndi· 
cator. v0 L indicates a 
fully loaded register erray 
causing new data to be 
ignored. This 1igrwl i1 
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24 PIN DUAL·IN·LINE 
:- ... , •.• ,,, ... ,.. .-.·:.::.·..,5 




















I BIT ,AAALLEL IN 
'AAALLll OUT S.ll 
FUNCTIONAL DIAGRAM 
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RCA .CD2SOOE series 7-8egmcnt Decoder-Drivers are 
monolithic MSI integrated circuits which decode BCD 
<H-4-2-1 code) inputs to 7-line outputs representing a de-
cimal number from 0 to 9 on 7-segment incandescent dis-
play dt•vices. 
HCA CD2500E and CD2501E are:lO rnA per-output-line 
devices designed for use with incandescent display de-
vices such as the RCA DR2000 and DR2ill0. The 
CD2500E, in addition to the outputs for the 7-segment 
displa_y device, has a decimal point output; theCD2501E 
also has a special-feature, a terminal to provide for rip-
pi<> blanking output and intensity control input. The ri::--
ple blanking output blanks out all non-significant zeroes 
in the numerical display. The ripple blankin~ output ter-
minal is also available for use lbl an intensity control 
input from an external variable pu}Re-wirlth control source, 
as shown in Fig. 7. 
RCA CD2S02E and CD2.'i03E ar<• XO mA-pt>r-linc ver-
sions of the CD2500E and CD2501E, rt•spectively, and 
arc dcsignerl for use with high-current lamps and relays. 
RCA CD2ffflE series devices arc supplied in 16-lead 
dual in-line plastic packaaes which can be used over the 
·operating temperature ranae of 00 c to + 75° c. 
FEATURES: 
o High current sinking capability 
for direct diaploy drivint 
o Intensity control provision 
• BCD inputs ore c-potible with co111111erciolly avail· 
able DTL & TTL dovicn 
o Lamp test provision 
e 5 V power supply 
o Clomp diodes on all inputs 
o Lo111p supply up to + 12 volts 
o Ripple blanking capability 
o Decimal point output 
o Over-range detection (automatic blanking of display 
device when lCD input > 9) 
lnformatwn ftrrntt>hPd hvRCA ttl believed to bt• mTUrllte andre-
ltaldt• . Jltl\\t•ver, nc• r.:sponsibtlity is assumed hy RCA for tlB 
URP; nor for ar.<!Jnfrinl{l'ments of patents or other right!! of third 
purt '''" whwh mav rt•sult from its u~t·. No lict•nH<' is grantt>d by 
unplll·ation '" nthPrwi"t' undPr any putPnt or patent nghtsofRCA. 
301A aid 801A/SIIIIRI 
DECODER-DRIVERS 
for Use Witb 
Low-Voltage Di&ital 
Display Devices, 
La11ps, and Relays 
DPo = Decimal Point Output 
DP1 " Decimal Point Input 
DP1 must be supplied from an 
external source 
CD2500E and C02502E per· 
form the inverter-driver funct-
ion necessary to energize the 








Fig. 1· CD2SOOE and CD2S02E (witlt decimal point) 
RBo = Ripple-Blanking Output 
& Intensity Control Input 
RB1 = Ripple-Blanking Input 
Vee 1 g a b d 
16 1:1 Ql.4 0'3 0'2 ~.? 9 
4---o5U6-rr7 e 
C Llr Rflo RBI 0 A GNO 
92CS. --l!t621 
Fig, 2-CD2501E and CD2503E(witlt ripple blanking 
and intensity control provision) 
ROll Electronic Components Printed in U.S.A. I 11/69 





APRIL 1969 • 
FEATURES: 
• NO FREQUENCY COMPENSATION IEQUIIED 
• SHORT-CIIICUIT J'IIOTECTION 
• OFfSET VOLTACE NUU CAI'AIILI1l 
• LAKE COMMOIC·MODE AJII DlffUDIT~ VOL TAlE lAMES 
• LOW I'OWEI CONSUMPTION 
• NO LATCH UP 
GENERAL Dt:SCIIPTION- The I'A741C is a hiah perform1nce monolithic operttiontl tmplifier constructed on 
a sin&le silicon chip, usina the Ftirchild Pl1n1r• epltt•iel process. It i• intended for t wide rtnce of tn1101 
applications. Hiah common mode volltle rtnp 1"11 tbsenct of "lttch-up" ttndi!ICies malll tilt !4A741C id11l 
for use as a voltage lollo•r. Tilt hictl cain IIICI wide rtnae of opertlina votteaes provide wperior perform· 
ance '" intearator, summinc amplilltr, ellll aeneral feedback •lllllicatlons. The !4A741C is short-circuit pro· 
leered . ha ' the same pin confiaurttion IS the popular !4A7otC operaliontl tmplifier, but requires no exttrnll 
components for frequency compen11tion . The inltrnal 6ciB/octtve roll-oH insures sltbility in closed loop 
appltution,. for full temperature """ operatioll (-55"C to +125"C)"' !4A741 data slltet. 
ABSOLUTE MAXIMUM RATINU 
Supply Volttae 
lnterntl Power Dissipelion (Note!) 
Differential Input Volltae 
Input Volttae (Note 2) 
Vollaae balween Offset Hull and V 
Stortae Tempertture Ranae 
Oper•tine Ttmpertlurt R1n1e 
Lead Temperature (Solderina. 60 sac) 







o•c to +70'C 
300'C 
Indefinite 
EQUIVALENT CIRCUIT CONNECTION DIAGRAMS 
110f£S: 
1 I) Rat inK ao•hes for,,..,,.,., ..,.,.rattHea to+ 1o•c. 
12) f"N •uppty .. ltoKtl las l~o• ± 15 V, tllo obaoluto Mfli""'"' '''"' .. ltoao 11 ""'I to tllo "'"'' .oltoao. 
U J Short circu1t .nay M to around or titMr supply. 
PHYSICAL DIMENSIONS 
In accord~> nee with 
JEOEC (T0-99) outl lno 
.... , .. /r -·-- 1~ I ~-··· ~ .. . ,1 ~- ~ - ,. , .. 
.!!!'"'t 1: - --- --·· 1. - • 
,., ... 'I . -~~- i 
llo... nn n nn >00 .... 




IIIO I U o..-.-..... 1- 1 1 \eU-oftM 
,.....__.... . ,""-.' 
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OltDU PART NO. U587741393 








S1m dar to 
JEDEC (T0 -116) Outl tno 
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NOTE S· All dtmln\ tona 1n tllf. h,., 
L11d' atfl tnlenda tl ' ' ' ' IW,f! f l tuto 
In holt IOW't , '100 t.rnlr l', 
ORDER PART NO. IJ(IE I/4LI~J 
COPYRIGHT FAIRCHILD SEMICONDUCTOR 1969 • PRINTED IN U .S.A . 04 BR Oul!, 4~ "tuM 




























































TYPES: VA 15-15 
VA 12·12 
VA 12-6 
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A POWER SOURCE FOR OPERATIONAl AMPliFIERS 
GENERAL DESCRIPTION: 
Standard + 5 volt V ... is used to supply special volt-
ages required for most IC operational amplifiers. 
Because of its small size and packa(ing, the V-PAC 
power source may be assembled on the same PC 
cards used for the op amps and associated dirital 
ICs. This reduces manufacturing costs, allows rreat-
er miniaturization, and improves reliability. 
APPLICATIONS: 
The primary area of application of the V -PAC op 
amp power source is in digital systems where analog 
signals are present. Specific circuit applications 
eover a wide range, including sample-and-hold cir-
cuits, A/D and D/ A converters, AC and DC ampU-
• VERSATILE: Operates up to 25 type 709 op 
amps from one VA 15-15 
• COMPACT: Less than one third cubic inch 
• RELIABLE: Solid state active components 
• ECONOMICAL: Designed for conventional 
PC card assembly techniques 
All V-PAC power sources are molded in filled thermo 
setting resin. Size and pin spacing is completely 
compatible with modern IC assembly practice on PC 
cards or with wire wrap assemblies. All units are 
short circuit protected, automatically self-restoring. 
fiers, modulators and demodulators, comparators, 
photo sensors, integrators and differentiators, and 
most other applications where operational amplifiers 
are used. 
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- -- +5V~nput 
C-32 
Height above mounting plane: ~ inch, maximum 
Lead length from mounting plane:~ inch, maximum 
v Not•"' 
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•fradomark, Reliability, Inc. 
·OPCOA.Nc. 
330 TALMADG~ ROAD • EDISON. NEW JERSEY 01117 a (201 I 217·0355 
SOLID-LITE 
Solid State 
N un1eric Display 
SEVEN-SEGMENT NUMERIC WITH DECIMAL POINT. 
USING GALLIUM PHOSPHIDE RED-LIGHT-EMITTING DIODES 
Featurea: 
• Low cost 
• High brightness with high 
contrast 
• Operates with standard IC 
decoder I drivers. at IC power 
supply levels 
• Large VJ-inch character 
• low power 
• Standard 14-pin dual-in-line 
package 
• Long-life- solid state reliability 
• Mechanically rugged -with only 
8 light-emitting diodes and 9 pins 
• Single-plane character - wide-
angle viewing 
• No RFI problem 
• Fast switching - suitable for 
time-shared operation 
OPCOA Solid-lite Seven Segment Numeric Displays use high effi-
ciency red electrolumineacence from gallium phosphide which emits 
light in all directions. Each rectangular segment is formed by reflec-
tion of the multidirectional light from a single semi conductor diode 
emitter. This produces an easily viewable " jeweled" numeric display. 
Type SLA-1 Solid-Lite Numeric Display may be mounted in a standard 
14-pin DIP socket or directly in a PC board. It can operate directly 
frOft"l available TTL 1 8-laad seven-segment decoder /drivers (aM 
rk">te 2 l . It incorporates the neceasary diode isolation required for 
tini4-shared (matrix) opefation. 
Abec.1lute Maximum Ratingll 
Power dissipation at 25°C . . . . . . . . . . . . . . . . . . . 750 mW 
Poww derating above 25°C . . . . . .. . .. . . . . .. . . . . . . 10 mW/"C 
Reverse voltage . . . .... . . . . . . . · . . . . . . . . . . . . . . . . 5 .5 volts 
Continuous forward current per cathode . . . . . . . . 40 mA 
Storage and Operating Temperature . .. . .... . . . . - 55°C to 1 oooc 
Soldering Temperature ~~' in. from case for 5 seconds 260°C 
Optical Char.ct•latica per cathode @ I, = 15 mA (26°C) 
l. I Svmbol Pararnet41fl I Min. Typ, 1 
l Luminance (lriQhtneul 




>. • Peak em Inion wavelength 
.H. 1 Spectral hAlf line width 
1 rand 1 f J ftiaa an4 fall t"-
0 .36 
l 
Electrical Characteristics per cathode (26°C) 
I . I 
Symbol I Parameters Min. j 
v, Forward Voltage@ 15 mA 1.8 
1, I Rever se Current@ 5 .5 vo lts 
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From. Analogue Tape 
to Digi ta.l Tape 
J.D. Redman 
- ! 
TABLE OF CONTENTS 
INTRODUCTION 
SECTION I - DATA FOHiv'.tA'J' DESCRIPTION 
SECTION II - PLAYBACK AND REPRODUCTION OF DSEA Tl\ Pl·: 
SECTION III - 'I'HE DATA ACQUISITION SYS'l'EM 
SECTION IV - LUNAR DA'l'A DIGI'I'IZA'l'ION 
FIG. # l - METHOD OF RECORDING SEP DATI\ 
2 - SCIENTIFIC DATA FORMAT 
3 - NAVIGA'l'ION DA'I'A FORMA'I' 
4 - SEP DATA REDUCTION PROCESS 
5 - PRODUCTION OF ANALOGUE COPY OF DSEA TAPE 
6 - SEP DATA ACQUISITION SYS'I'EM 
7 - DIGITAL DATA FORMAT ON MAGNETIC TAPE 
8 - LUNAR DATA DIGITIZATION - SYSTEM CONFH~UEA'l'ION 
9 - 5. 2 KHZ REFERENCE FREQUENCY MULTIPLEH 
10 - SCIENTIFIC DATA DIGITAL 'l'APES 
APPENDIX 
A - DATA REDUCTION COMPLEX TELEMETRY OPERATIONS PPOCEDURE 
B - .f'.1EMO-REDUCTION AND ANALYSES OF SEP NAVIGATION Dl\'1'1\ 
C - MEMO-SEP DATA FROM STATION #4 'I'O STATION #5 
D - MEMO-SEP RECEIVER TEMPERATURE DATA RECORDED DURING E\'1':. - I I 
E - MEMO-DAS DIGITIZING ACCURACY 
F - MEMO-SEP-FALSE RESET INDICATION IN DATA FROM EVA-II 
G - MANUAL-SEP EXPERIMENT MK-II DATA ACQUISITION SYSTEM 
H - MEMO-CALIBRATION AND TRANSMITTER-OFF DATA 
Introduction: 
It is the inte nt of this r eport t o describe the method 
a nd eq uipment used ln r e covering the data recorded on the 
DSEA (Data S t orage Electro nics Assembly) during the opr.rution 
of the SEP experiment conducted on the Lun ar s u rfac e durin~ 
Apollo 17. The ph r ase "recove ring the data " descr i bes the 
process of chang ing the format of the r eco r ded data frcm 
t hat o f three sepa r a t e mul tiplexed s i9na l s of freq uency 
modulated data with different center frequencies 1 rcco nk (l 
on o n e channel of an audio t a p e recorder (t.Lc DSF/\ ) 1 into 
tha t of a stream of demultip lexed a nd diyitQJ.Jy forma tted 
data sui t able fo r r e cording on a digital tape recorder o1· 
for irnmediate proc ess.i.ng by a di qi tal computer . 'rhe clata 
a r e a set of measurements of the field s tre nuths of three 
orthogonal components of the magnetic field at six different 
fr eq u e ncies and information from the Lunar Rover navigation 
comp uter giv ing th e l ocation o n the Lunar Surface at wl1ich 
each of the measureme nts of the f i eld strength wa!~ t aken . 
Th e report hu.s b een divided i nto ~:.>c'v<:ral (Ji lf(·n·nl 
sections. In the first section the fo r mat of the.· data LIS 
r ecorded on the DSEA will be de s cribe d . SecU o n t wo v.:i ll 
give t he p r ocedure used to p layback tlw DSEJ\ td fJC ' 1 LJ.ncl 1o 
produc e a recording of that data sui tubl c for u ~;c v1 i th the 
Data Acquisit ion Syst em (DAS ) . The third sect i o n wil l 
- 2 -
outline in general terms the design of the DAS a nd the details 
of its circuit design will be included in a manual accompany .inq 
this report. The fourth section will describe, i n detail, t he 
processing of the Lunar data by the DAS and the difficulties 
encountered in the procedure resulting from data dropou t s 
and other anomalous characteristics of the data. 
I - DATA FORMAT DESCRIPTION: 
The DSEA receives two inputs from the SEP rcce 1vc r 
(see Figure#l). One is the output of a volta g e controlled 
oscillator (VCO) with a frequency range of 300 hz to 5700 h z 
containing the magnetic field strength data a nd r e c e ive r 
status information which will be referred to here as the 
"Scientific Data " signal. The other is a digita J ly forma t t e d 
bit stre am of "l" s and "O"s which conta ins da ta f rom the 
Lunar Rover navigation computer and it will b e r e f e rre d to 
as the "Navigation Data" signal. 
The DSEA f ilte rs the Scie nti f ic Data signal with a 
3 00 hz - 3000 hz bandpass filter. The Navigation Data signal 
is reformatted from two voltage levels into two f r e que ncies 
of 4175 hz and 4625 hz by a multi v ibrator . Th e o utputs o f 
the fi l ter a nd the mul t ivibra tor along with a n i n t e rnal l y 
genera t e d 5 . 2 Khz Re ference signal arc s umme d toqc thc r Jncl 
then r e corde d on a single track of the magne tic t a p e . Th e· 
- 3 -
three separate signals a re recovered later by filtering of 
the data during playback of the composite recorded signal. 
The multiplexed Scientific Data is a series of 33.75 
msec. Words, each of which has either a frequency related to 
the received field strength, to the int.ernal temperature of 
the receiver; to a known noise source or with a known frequency 
of 5700 hz carrying information with respect to the rcce1vcr 
status and providing a recognizable synchronization Word for 
demultiplexing the data. 
given in Figure #2. 
The format for this data stream is 
If the receiver has synchronized itself with t:hc 
transmitte~then during Frequency Frame #1 the transmitter 
is operating at 16 mhz while transmitting first on the 
north-south dipole for 101 msec. and then on the cost-west 
dipole for the same time period. In each of these 101 msec. 
Frequency Subframes the receiver measures the field strength 
for 33 msec. sequentially on the x, y and z antennas. During 
Frequency Frame 15 and 16 the transmitter is turned off to 
allow the measurement of background cosmic noise and of 
receiver front end noise and to provide calibration with 
a known internal noise source. In Frequency Frame 32 the 
transmitter sends out a synchronizing code at 1 or 2 mhz 
and the receiver provides a sequence of six Words whose 
frequency, depending on the status of the receiver, either 
is proportional to the internal receiver temperature or is 
set to 5700 hz. The data for this Frame 32 which is r ecovered 
from the DSEA recording appears as a sequence of 33 msec. 
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"l"s and "O"s (see Figure 2B) because it is filterc'd by the 
30 0 hz - 3000 hz bandpass filter in the DSEA . 
The Data Frame, that repeats every 38.4 secon ds , contains 
six Data Subfrarnes ( a Re cord) each of 6 . 48 scco~duration 
whose format is the same e xcerting the calibration in I·'requcncy 
Frame 15 and 16 where different frequenci es arc calihra ted 
depending on the Data Subframes <:md excepting Frequency Frame 
32 where the synchronization code is transmit ted and received 
on different a ntennas. 
When the r eceive r 1s operating in Mode I and attempting 
to acquire synchronization with the transmitter , t hen the 
receiver remains connecte d to one receiving antenn a as 
defined by the r e ceiver status during three consecutive 
Data Subframes and is then switched to the next r e ceiving 
antenna repeating the process until synchronization is 
reacquired . 
The receiver s tatus information whi ch is contained in 
Frequency Frame 32 applies to the following Data Subf rame 
rather than to the Data Sub f rame in which it i s contained . 
This is an anomalous condition which arose because of 
some confusion as to the data format at the time when t he 
DAS was constructed . 
The Navigation Data is a series o f " l " s a nd " O"s 
recorded in analogue form as the two fre q uencies 4625 hz 
and 41 75hz . Referring to Figure #3 , it c a n be s e e n that 
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each Navigation Data Frame is 78.75 msec. in duration a nd 
contains odometer pulses from two wheels each equiva l en t 
to .49 meters, bearing up and down p ulse s equivalent to 
a 1° change in bearing, range up anc1 down pulses equiv<1lcnt 
to a .1 km change in range and a synchronization puJse 
th<1t l S always a "1". The presence of <1 pul~;e in i ndj catecl 
by a "1" or 4625 hz during the relevant 11.25 rns ec . time 
slot. In order to have a unique recognizable synchronizatjon 
pulse which will allow recovery of the dat a it is necessary 
to make assumptions about the highes t rate <1t which each of 
the other pulses can occur. A result of these assumptions 
is that for a Rover velocity of less than 22.4 Ym/hr only 
the synchronization pulse can occur during four consecutive 
Navigation Data Frames . This fact allows the posibon 
of the synchronization pulses and h e nce the presence or abs en ce 
of other pulses to be determined for the relevant four 
Navigation Data Frames . 
II - Playback and Reproduction of DSEA Tape 
The DSEA is a lighwcight, portable, spa ce qu a lified 
audio tape recorder with the capabjlity of recording 10 
hours of data on a single cartridge. 'l'hesc fc-:a turc ~> 
resulted in a unique design for the tape cartridge allowing 
the tape to be played back only on a unit specifically 
designed for that purpose . There are thre e of these tape 
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stations. The data discussed herein was played back on 
one of these units situated in Building ]_2 at JSC . 
A special l/4'' magnetic tape with a thin oxjd0 coating 
is used in the cartridge . The tape is easily damaged and 
each playback of the data further degrades i~ qual ity . 
These circumstances necessitated recording the data with 
another analogue recorder which could be used in the data 
reduction process. The Data Acquisition SysteiT used a 
7-track instrumentation type tape recorder (Lockheed 
Electronics Model 417-D) with direct reproduce capability 
at 3 3/4 IPS. Therefore , a tape suitable for use with the 
DAS was produced a long with a highe r quality FM r ecording 
at 15 IPS on a 14-track recorder (Ampex Model FR-1800) 
A document produced by Lockheed contract personne l at 
Jsc outlining the procedure to be used in producing the s e 
tapes is included in the Appendix. 
The DSEA Playback Station provides the following output 
signals: Raw Data, Filte red Data, 5.2 Khz Reference and 
Bi-level Sync. The Raw Data is the composite signal 
(unfiltered) as described in Section I . The Filtered Data 
signal is the output of a 300 - 3000 hz bandpass f ilter 
and is the r e covered Scientific Data sign a l. The 5 .2 Khz 
Reference signal is the output of a bandpass filter centere d 
at 5.2 Khz.Bi-le vel Sync is a bit seque nce from the output 
o f a discrimina tor whose output logic l eve l i s determined 
by its input freque ncy (e ithe r 4175 hz or 4f25 hz). Th i s 
output is the Navigation Data siqnal . 
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In Figure # 5, a hlock diagram of the signal f lows 
gives an outline of the conditioning reguir~d by outputs of 
the DSEA Playback Station and gives the equipment s etup 
used during the playback procedure. A locally generated 
time is recorded to aid in the data reduction procedure . 
The output signal levels are monitored and recorded on a 
strip chart recorder for later reference. A detailed 
description of the equipment setup is given in a section 1n 
the appendix enti tled "DRC Telemetry Operation~; Procedure ". 
The Playback Station has two modes of operation , 
designated the Test mode and the Operate mode. In the 
Operate mode the 5 . 2 Khz Reference signal recorded on the 
DSEA t ape is used on playback as a reference freque ncy to 
control the tape speed a nd thus to compensate for 
variations in tape speed that occurred during the recording 
proc ess. The Test mode allows the system to function in 
a state in which the tape speed is constant a n d uncompensated . 
When us ed in the Operate mode the level of the 5.2Khz 
Refe rence signal is moni tared and if it i s lc~ ss tha n a. preset 
threshold then the system s witches to t he Test mod e . This 
switching from one mode to the other produces tran s i e nts 
in the tape speed that can give data losses (sections of 
missing data) of 20 - 30 msec . duration. These data dropouts 
c an cause loss of synci1ronization in the DAS r es ul ti na in the 
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loss of a complete Record of 6.48 seconds of Sci e ntific 
Data and as well can produce e rroneous pulses in the navigation 
data. It was observed during playback of the fl i ght data 1n 
the Operate mode that this problem did occur; therefore , 
it was played back again in the Te st mode. It is the tape 
produced by this latter method that has b een used in the 
major portion of the data reduction efforts . 
III - The Data Acquisition System 
The magn e tic tape which was produced by the me thods 
described in the previous section contain s a nal ogue data 
in a multi p l e xe d format that is r e cove r ed b y the Data 
Acquisition System and converte d to a usable diaita] format . 
The DAS was designed and built in ~he Planeta ry a n d 
Earth Scie nce s Division at JSC by G. Wagn e r and D. Pate of 
Lockheed Electronics Comp any. No attempt will be made 1n 
this report to d e scribe the de tailed circuit des i gn o f the 
DAS; howe ver t h e ge neral principles a nn concepts involve d 
will b e described . Inc luded wi th t his report , in t h e 
Appendix, is a manual prepared by G. Wagner t hat desc r i_h eE 
in detai l the design of the DAS . 
The pur p o se o f the DAS is to r ecove r both the Scientific 
Data and the Navigation Data, to conve rt them to a digital 
format , to r e cord this digita l data on a magn e tic recorder and 
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to transmit this digital data to a programmable calculator 
(Wang-· Model 720C) fol' immediate processing. 
The analogue data tape that was produced as described 
in Section II provides the DAS with four separate inputs that 
must be concli tioned to produce di9i tal 'l'TL compatible outputs 
(rE:fer to Figure# 6). Both the 5.2 Khz Reference signal and 
the Scientific Data signal suffer from dropouts and amp litude 
variations that arc a result of the poor quality of the 
DSEA recording. To overcome this difficulty automatic. gain 
control (AGC) circuitry is used for both 0f these inputs. 
The output signal of the AGC cirtuit is then conditioned by 
a Schmitt trigger circuit whose output is TTL compatible . 
The IRIG-B time signal is amplified and conditioned by a 
Schmitt trigger. The Navigation Data is amplified and 
decoded by a phase lock loop providing a TTL outpuL. 
To recover the data it is necessary for the DAS to 
synchronize itself with the Scientific Data signal. To 
accomplish this, the DAS either manually or automatically 
goes into a "Prime Mode" ln which it waits until the amplitude 
of the recovered Scientific Data signal is below a preset 
threshold continuously for a duration of JS msec. When this 
condition occurs and the amplitude rises again above this 
threshold, the DAS assumes that it is in Frequency Frame 
32 (refer to figures 2(a) and (b)) at the beginning of Word 
2 in the Scientific Data stream. Thus since the DAS has 
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now synchronized itself with the Scientific Data signal a 
11 Sync Detect" pulse is generated that initialized the 
Word, Frame and Subframe generator. A system clock is rcq uir(' (] 
to provide the timing information n e c e ssary for demultipl c x jng 
and ge nerating these Word time s. The clock o pe r ates a t a 
nominal 10.4 Kc and is produced by multiply inq th e 5.2 Kh z 
Reference signal frequency by a variable multiplie r b e twee n 
1.500 and 2.500. The variable multiplie r i s r eq uired beca use 
the frequency of the 5.2 Khz Reference signal is not known 
accurately, suffers from dropouts and as well var ie s with 
terr.perature (i.e. the temperature of the DSEA at the t i me 
of r e cording) . This system clock must be s table e nough 
over the 6.48 second Record time , until the n e xt "Sync 
Dete ct" pulse is gene rated to reinitialize the t i ming , to 
e nsure that the correct Word is b e ing s amp l ed. For example, 
a 5 msec. error in timing after 6.48 s e conds corrc~ ponds to 
a .08% change in the 5.2 Khz Re f e r e nce s igna l fr eque ncy . 
The Word, Frame a nd Subfrarne gen e rator p rod uces a 
"Word Start" pulse at the beginning o f e a c h \fJord t i me . This 
pulse b e gins e a ch measurement cycle o f the Sc ien tif ic Da t a 
sign a l. The Voltage Control Os cillator in t h e r e ce ive r 
whose outp u t i s the Sc i e n t ific Data sign a l, h as a f inite rise 
and fall time and since the input the VCO i s s witch ed e a ch 
Word time, the output mus t b e g ive n t i me to s e t t l e b e fo r e 
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it lS measured. The rise and fall times corresponding to 
an 80 db change in input signal are approx i mately 5 mscc . 
Also there i s a + 3 msec. amb i g uity in timing between the 
transmitter and the recei ve r. Therefore, t h e first 8 msec. 
an d the last 3 msec. o f the 33.75 msec. Word time must be 
rejected ass uming the DAS to be in pe rfec t synch r oniza tion 
with the original data. By selecting the appropriate 
Gate Delay and Gate Duration the sampling period and 
position can be v a ried. 
The Gate Delay is a v a riable that c an be set by a 
front pane l switch on t h e CAS to any duration from l to 
33 msec. The Gate Duration can b e se lected by setting 
the number of Sc i e ntific Data signal cycl e s(from 1 to 7 
cycles) whose period is to be measured. Obviously the 
time of the Gate Duration d ep ends on the fr eq ue n cy bein g 
measured since the number of cycl es is fixed. For the 
illustration below the Gate Delay has been set at ll msec. 
and the Gat e Duration at 4 cycles which are the settings 
used with the Lunar data. The mea s urement pe riods d uring 
the Word time are shown for the two extremes of Scientific 




< HORD TIME J 
~~~------------------33.75 msec~.--------------~r~ I 
MEASUREMENT PF.l{TQD 
JOO hz f+-u msec.---+---16.6 msec.~.2 msec~ 
MEASURE!'ffiNT PERIOD 
3000 hz ~11 msec.----~ 21. 1 mse c. -----------,~;>ot 
msec. 
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The measurement period of 4 cycles can lie anywhere 1n a time 
slot of 5 cycles , with its position depending upon the pha se 
relationship between the Scientific Data signa l ond the 
system clock. 
In order to dete rmine the original rece ived f i e ld 
strength during each Word time , the frequency of the 
Scientific Data signal and of the 5 . 2 Khz Reference signal 
must be measured simultaneously. The freque ncy of the 
originally recordEd 5 . 2 Khz Reference signal is as sumec~ t-o 
be known and can be used as a caJ.ibra tion to corre ct f or 
tape speed f luctuatiorE at the time of r ecordi n g a nd of 
r eproduction by using the following relationship : 
fc = fs ( 5~~0 ) 
fc - c a librated frequency of Scientific Dnta s i gnal 
fs - measure d f r eque ncy o f Scie nt ific Data sign a l 
fR- measured f r equency of 5 .2 Kh z Refere nce s ignal 
The frequency of the Scientific Data s i gnal is determine d 
by r1ec.suring the period (VCO Gate ) o f a fixed nmrber of 
cycles of the Scient.i fi c Data sign al as preset by t he Gate 
Duration . Simultaneously the 5 .2 Khz Reference signal 
f requency is de t e rmine d b y measuri n q the numbe r of itB 
cyc l es d urin g t h e VCO Gate time and the pc rind of those 
cycles . 'J'he period~; can be n:c'c:1surcd w.i Lh ' ' n·~:ol11! ion 
of eith e r 1 or 10 mic roseconds . 
h as been comp l e ted the digital outputs a r c stored in a n 
- 13 -
internal memory for transfer to the digital tape and to the 
Wang 720 calculator during the next record. 
The DAS continues measuring the Sci e ntific Data s i gnal 
frequency and storing the data until it arrives at Frequency 
Frame 32 - Subframe 1 - Word l where it expects to find an 
amplitude l evel of zero for the Scientific Data signal . If 
this Sync is found , then when the amplitude changes to a 
non-zero value , the DAS generates another Sync Detect puls e 
correcting any timing error which might have developed since 
the previous Sync Detect. The measurement cycl e for the 
next Record is then initiated. I f the Sync is not found in 
the expected 33 msec. time slot then the DAS gcnerat~s its 
own Dummy Sync Detect initiating the measurement cycle for 
the next Record. If in that n ex t Record as well the Sync 
is not found then the DAS switches to a Prime Mode a nd 
waits for the next Sync before continuing the mea s urement 
cycle . 
During each Record other ancillary data is also s tored 
1n the memory. This includes the accumulated Tape Time, 
accumul a ted Navigation Data and Receiver and DAS Status 
information. 
each Record. 
These other variablffiare mea sured once during 
Their exact nature will be discussed in the 
digital tape form2t description. 
The Navigation Data must also be recovered for e ach Record. 
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The output from the Navigation Decode r has a logic l e vel 
of "1" or "0" depending on the input frequency. Tlli s output 
suffers from noise problems requiring the us 0 of a Pulsr~ 
Width Discriminator that r ejects "1" logic l eve l s ancl "0" 
logic l e vels that are shorte r 1n duration than 5 mscc . 'I'llc 
Navigation Data Demultiplexe r examines in a sh i f t rc<Jistcr 22 
consecutive 11.25 msec. bits from its input bit stream a n d tes ts 
for t he presence of the "Sync" bit (a " 1 ") in bit position s , 
1, 8, 15 and 22. If the test for t .he "Sync" bit in those 
positions is positive then the othe r b its are thus iden tified 
a nd are stored in an internal me mory . 
The Odometer, Bearing and Range bit s are counted 1n 
accumulators and once d uring e ach Record the contents of 
these acc umulators are stored in the internal me mory . I n 
another possib l e mode of operation the Navigation Data are not 
demultiplexe d but are stored directly as six bit segment s . 
This mode is required in cases where the datu. i s clcgradc~d and 
h as mis sing bits or where the " Sync " bit i s not the on l y 
bit present f or 4 consecutive 78 . 75 msec. Navigation Data 
Frame s. Both of these difficulties were present in the 
Lunar data. 
The DAS is also capable of operating in a free run 
mode i n which it does n o t search for the Sync in the 
Scienti fic Data but gen e rates its own Dummy Sync [)( ·h:ct: for 
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each Record. This allows the Navigation Data to be treated 
separ ately from the Scientific Data. The Scientific Data 
recovered in this manner is useless but the Navigation Data 
can be completely recovered regardless of the dcgr~dcd 
quality o f the Scientific Ca ta. For the Lunar d a t a t hi s 
approach was used . 
By the me thods outlined pre viously the Scientific and 
Navigation Da t a are stored simultaneously in a n in terra1 
~eMory cf the DAS for the complete Record. This stored 
data is then transferred to the Wang 720C and to the digital 
tape recorder during the subsequent Re cord. The block 
diagram of the DAS as shown in Figure #6 is a simp listic 
representation and does not include the memory , input-
output buffers, Wang 720C output control , the tape r e corder 
controller and s e veral other essential functi o n ol b locks . 
A complete and detailed descrjption is to bv found in the 
enclosed manual. 
The forma t of the data on the digital tape is given 
in Figure #7. It is e ssentially self-expl anatory but docs 
require s ome expansion . The DAS Sync Status i s l i f the DAS 
generated a Sync De tect pulse and i s 0 if it was ne cessary to 
generate a Dummy Sync Detect. The Receiver Status-Rese t i s 1 
if the receiver acquired a Re se t pulse a nd is a 0 if it djd 
not (see Figure 2 (B)). The Receiver Statu s -Mode is the 
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complement of M,X, andY as given in Figure 2(D). 
720C Sync Word is always an octal 13. 
IV - Lunar Data Digitization 
The Wanq 
In digitizing the Lunar data it was n ec~ssarv to try 
different syste m configur~tions to arrive at a n optimum 
approach in the sense of reducing the data lo sses and improvins 
the syst em resolution and repeatability. Throughou t this proces s 
the Y.lang 720 programmable calculator proved invaluab ] c iri 
assessing in re a l time the effect of changing a ny vvr i ab l ~ in 
the DAS or in its associated filters a nd threshold cktcctior; 
circuitry. This section will discuss the peculiar rrob l cm~ 
involved with processi~g the Lunar data and their solution . 
It was found that the analogue tape copy of the DSEA 
recording that was produced with the Playback Station in th e 
Test Mode (i.e. tape speed uncoropensated) proved to be sup0rior 
to the other copy produced in the Operate mode in t0rms of 
fewer data dropouts and missing data segments. Thi s forme r 
tape copy was used in al l the data digitization. 
One of th e major difficulties e ncountcrccJ ir: diqiti zi n ~J 
the Lunar data was the poor quality of th e data recovered from 
the DSEA. There were numerous data dropouts, ilmplitt.:ue 
fluctuations and seve r e distortion of the waveforms il t frc<Jucncics 
below 500 hz. The d egree: of deqradation incrcdsc<] con I ~ i.nunw-; l y 
- 17 -
as the end of the r ecor ded data was approa ched . 'T' hi ~; ha s been 
attributed to the increas ing temperature of the DSEA a nd the 
resultant degradat ion of the magnetic tape at these higher 
temperatures . During t he data recording p e riods the Re ceive r 
and inferred DSEA temper a ture varied from 80 ° F to ll5°F and 
reached a maximum of 125°F during other non-oper ationa l 
periods. Because of the existence of these problems the 
conch tionin g circuitry took o n i ncreased importun cc and its 
adj u s tment for the highest quality output buca mc mo re 
critical and d i f f icult. 
The Scie ntific Data was first conditioned by a low 
pass filter with a 3 db cutoff frequency of 5 . 6 Khz to fu rther 
attenuate undes ire d high frequency conte nt. The siqn al was the n 
conditioned by a high pass filter with a 200hz cutoff frequ e ncy , 
f or the purpos e of decreasin q the amplitude of l ow freq ue n cy 
oscillations that occurred during Frequency Frame 32 - Word 1 . 
For the dura t ion of this Word t ime there s hould a l ways be 
z e ro amplitude l e v e l t o allow syn c hronization of the data with 
the DAS. The amp litude f luct uations were dccrco. f; c·cJ by t h e: u:>L' 
of an AGC circui t for the purpose of improving the ope rat ion 
of the f ollowing Schmitt trigger that produ ced the fina l TTl. 
compatible output. The zero amplitude Syn c Words were 
recovered by monitoring the RMS l e vel of the inpu t to the 
ACC circui t and by f orcing the output of t h e Schmitt trigger 
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to "0" whenever tbis input was below a preset threshold . 
Th e setting of the gain, threshold level a nd the response 
time of the AGC circuit in this conditioninq system was 
accomplished by a "trial and error " method in which one 
atte~pted to decreas e both the number of losses of 
synchronization in the DAS and the number of d itta dropouts . 
The 5.2 Khz Reference signal level also had amplitude 
variations requiring it to be conditioned by nn rrc circuit 
followe~ by a Schmitt trigger. The Navigation Datn siq n a l 
that was reformatted when the copy of th e DSEA was crea t e d 
was of high quality and required only amplification . The 
Tape Time signal not having been recovered fron1 the DSEA 
recording also did not r equir0 any condit ioning beyond 
amplification. 
In addition to the difficulties involved in conditionino 
poor quality d~ta there was also tho problem of produciny a 
time reference or clock frequency from the r ecovered data. 
It was necessary to provide the DAS with a stable enough 
clock frequency to allow synchronization with the Scien tific 
Data signal to be maintained during the 6.48 second Record 
in that the Scientific Data signal itself only provided timing 
information each 6.48 seconds. The time reference chosen is 
the 5.2 Khz Reference signal which un f ortunate ly is derived 
from a separate oscillator in the DSEA that is not linked to 
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the Receiver timing . This signal frequency has a temperature 
dependence that is not wel l known and changes independent of 
the Receiver clock frequency. Thus the 5.2 Kh z Reference 
freq u en cy is multiplied b y a variable multipli e r b0tween 
l.Soa and 2.500 to produce the system clock with a n ominal 
frequency of 10.4 Kc. The correct multiplier is arrived at 
b y observing with the aid of a storage oscilJ.oscopc the 
tin·,e as indica ted by a pulse at which Frequency Frame 32 -
Word I occurs, as derived from the DAS system clock, in 
relationship to the time at which the zero amplitude Sync 
Word in the Scientific Data signa l occurs. When these two 
events occur as close ly as possible in time then the multiplier 
is considered to be correctly adjusted. A change of .001 i n 
the multiplier is equivalent to a 3 msec. change in timinq at 
the end of the 6.48 second Record. 
For the Lunar data, the multipli e r remained con s tant 
at 1.995 f rom Tape Time 00:24:30 to 01:15:00 (s e e Figure #9). 
The timing ove r the 6. 4 8 second Record was obscrv(·d to be 
correct to within + 2 msec. for this section of datu. This 
was fortunate in that it included the most useful anJ 
significant data. After Tape Time 01:06:44 the data is of 
marginal usefulness because a false r ese t pulse ( sec Appe ndi x 
Section F) was received by the Receiver incorrectly realigning 
its timing relative to the Transmitter. From time 01:15:00 
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to the end of the recorded da ta the mul tiplicr was rccJ.uccfJ 
to compens a t e for the degraded quality of th e 5.2 Khz 
Reference s ignal. 
The Navigation Data could n o t be demultiplcxC'cl hy the' 
DAS because of several anomalous characteristi c s of the dat a . 
As discussed in Section I, there arc as sun~ ti ons which must 
be made about the highest data rates allowe d for thE. Dearing , 
Range and Odome t er pul ses in order t o provide a r cco9nizable 
Sync bit. For the Lunar data, the r e we r e data segments where 
Odome t e r pulses were present in ll consecutive Navigation 
Data Frames . The r e were e xtra bits inserte d a n d bi ts 
missing r e s ultin g in a Navigation Da ta Frame that was s hor ter 
or longer than 78.75 ms e c. by 11.2 5 ms e c. Also the Sync bi t 
was sometimes a "0" when it s hould have been a " 1" . 
To extract the Navigation Data the Dl\S operat(' cl 1n a 
mode discussed in Section III in which the Scientifi c D~ta 
was ignored a nd the undemul tiplexed Navigat ion Datn bjt 
stre am was recorded directly on magnetic tape and ~2s 
provided to the Wa ng 7 20C . The data for Tape Time 
00:2 4 :30 - 01:38:00 we r e demultiplexed using the Wa n q 7 20C 
in a data r eduction procedure o utline d in Section (B ) of the 
Appendi x. The data recorded on t h e digi t al magnetic tape were 
demul ti p l exed using the same approach ; howe v e r , th e cJi·.:.: ta were 
only demultiplcxed for 'I'ilpe Time 00: 2 4: 30- 01:0 7 : 00 ( l:ifll( ' CJf 
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false reset pulse ) to provide Navigat ion Dat0 for the useful 
segment of Scientifi c Data. Section B of the Appendix 
contains the Navigation Da ta for the Complete EVA-II traverse 
from the SEP transmitter site to St a tion #2. 
There were four digital tapes used in the processing 
of the Scientific Data that were produced by tl1e methods 
outlined earlier in this section . The corresponding TDpc 
Times and other system constants u sed for these d i <JitizDtions 
are given in Figure #10. Tape Time 00:24:30 corr0sponds to 
the SEP transmitter site at the beginning of EVA- II, and 
01: 40:00 corre sponds to the time of arrival Dt Station #2 . 
The ''Missing Records" are the 6.48 second record segme nts 
that are lost because of a loss of synchronization between the 
Scienti f ic Data signal and the DAS timing. 
All the SEP Lunar data recorded during the missicn 1s 
containe d 1n the data segment of Tape Time 00: 23 : 21 -
02:12:04. The section 00: 23 : 21 - 01:41: 12 corresponds to the 
traverse from the SEP transmitte r site to Station #2 . The 
section 01:41:12 - 02:12:04 corresponds to the trDvcrse from 
Station #4 to #5. 
The data relevant to the St at i on #4 to #5 trave rse 
has not been digitized b e cause the data is seriously 
degraded . It was not considered to b e worth a large 
expenditure of effort to recover this data t hat is of little 
significance becau se f or this data segment the rel a tive 
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timing of the Transmitter a nd Receiver is not known . Th i :=; 
data is discussed in more detail in Sections C a nd D of the 
Appendix. 
There are several sources of error that need to be 
considered when assessing the accuracy of the digitization 
process: (a) The accuracy of the DAS in measuring th e period 
of the 5.2 Khz Reference signal frequency and the period 
of the Scientific Data si0nal frequency; (b) In e xact 
synchronization between the Scientific Data a nd the DAS 
resulting in the incorrect Word being sampled ; (c) Dropout s 
in the Scientific Data signal of the 5.2 Khz Reference signal 
resulting in erroneous measur ements of their fn.'qucncy. 
For (a) the largest e rror which can occur for tbc Lunar 
data is + .1 C'b . The effect of (b) cannot be assessed 
directly but by minimizing the timing in accuracies at the 
end of the 6.48 second Record the error can be avoided. 
The timing errors for the important segment of d a t a 00:24:30 -
01:06:44 were on the order of + 2 msec., making this error 
unimportant. The effect of (c) can be reduced by the appropriate 
adjustments of the conditioning circuitry that resclts in the 
fewest number of dropouts. 
Another method for assessing the accuracy 1.s to measure: 
the repea tabi li ty of thE' measurements for di f f c~ rcn t 
digitization. This has been done for SEF' 402 and tlO 1 and th<::;c' 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 7. Digital Data Format on Magnetic Tape 






8 4 2 1 
X X X X } 
} 
} 
Period of M VCO Cycles 
Period of N 5.2 khz Cycles 
N 5 . 2 khz Cycles 
Period of N 5.2 khz Cycles 
Period of M VCO Cycles 
II 
VCO Period V1 Vz V3 V4 Vs X lfse c 
(or lOf!sec) 
5.2 khz Period = R1 R2 Rg R4 X lrsec 
(or lO_~Jsec) 
5.2 khz Cy cles = N1 Nz Ng 
The above data is repeated 188 times each record 
X X X X 
1 11 1 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
0 y x m 



























Range = R1 Rz R3 X .1 km 
Accumulated Bearing 
Bearing = B1 B2 Bg X 1° 
Accumulated o dometer counts from 
left rear or right fron t wheel 
Distance travelled = 01 Oz 03 04 
Gate duration - M vco Cy cles 
Gate delay = D1 Dz msec. 
Run # = Jl Jz 
DAS sync status 
Time accumulator T1 Tz Tg X .l 
Wang 720 sync word 
Receiver status-reset 
Receiver status-mode (see Figure 
B are always "On 
Track C (not shown) is lateral 
Os 0 0 X. 49met. 
sec. 
2 (B) ) 
Odd parity bit generated i n ternally by recon'ler 
Track 8, 4, 2 , l comprise BCD digit. 
s A 8 4 2 1 
ORE' OLR B+ R - R+ Navigation data 6 bi t word B 
repeated 195 times each record 
0 0 X X X X U1 } Total navigation date updates 0 0 X X X X U2 
0 0 X X X X Us 
in record = U1 u2 U3 
IRG 



































































































































































































































































































































































































































































































































































































































































































































































DRC TELEMETRY OPERATIONS PROCEDURE 
1.0 Scope 
This procedure describes the background, methods, and 
requirements for playback of the Data Storage l~lectronics 
Assembly (DSEA) tape magazine as utili:ed in the Lunar 
Surface Electrical Properties (I.SEP) experiment, and for 
producing a master copy and working copies of the original 
tape. 
1.1 General 
The DSEA is to be utilized to record 'lata sensed by the 
Lunar Surface Electrical PropertiPs package placed on the 
lunar surface. The DSFA has a rccorJ speed of 0.6 inches 
per second. Although four tracks are avajlahle on the 
tape, only one is recorded at a tlme. Tl1is single channel 
will have three items of information frequency multiplexed 
~hich must be recovered. These are: (1) the VCO signal 
frequencies; (2) the FSK synchronization information; and 
(3) the 5.2 KHz clock. 
1.2 Processing Requirement 
1. 2.1 
Six different tests of the DSEA recorder are scheduled in 
connection with the LSEP experiment of Apollo 17. The 
test tape from the recorder ust:!d during these experiments 
is to be dubbed onto two new tapes: one a 1'', 14 track 
master copy, and the other a 1/2'', 7 track working copy 
for use by the Principal Investigator. 
The master copy must contain: 
o Raw data - all information contained on the tape 
o Filtered data - the information contained in a band 
of frequencies from 300 - 3 KHz 
o Frequency sync - a FSK (frequency shift keyed) 
modulated carrier moving between 4175 and 4625 Hz 
o Bi-Level sync - the demodulated form of frequency 
sync (output by DSEA station). 
o 5.2 KHz- the 5.2 KHz clock (output frcm DSEA). 
o IRIG B - locally generated time 
o 25.0 KHz - reference frequency at 15 IPS (Internal 
to FR 180011). 
o Discriminated FrequC'ncy Sync - bi-levcl sync generated 
by an external discriminator. 
o Discriminatt>d 5.2 liz- a sign3l shm ... ·ing the freque-ncy 
v a r i .::1 t i on s i n t h (' c 1 o c k . 
o Voice annotation - ior use: :·:th'n needed. 
o2o2 The 1/2" working copy must contain: 
0 2 0 3 
o Raw data 
o Filtered data 
o IRIG B time 
o Frequency sync (4175 - 4625 anJ bi-lcvel) 
o 5o 2 KHz 
An additional requirement involves the use of an 
Brush recorder to provide quality mo11itoring and 
fication information during the dubbing pnh.: css. 
on the Brush will be: 
o RMS amplitude of the raw data 
o Discriminated frequency sync 
o Discriminated 5.2 KH: 




o2.4 Track Assignments 
.2.4o2 
The 1" wide band tape machine shall be used to rPcord data 
at a tape speed of 15 IPS according tu the following 
schedule. The tape unit direct recorded frequency response 
is 400Hz to 187 KHz; the F.\1 frequency respon s e is DC to 







































Frcq. Sync Direct 12 
..13 
14 
~------ -V-o-i.c~nn-unrtton-- ·-·--··-----.. --lh r et-t--
So2 Kllz Direct 
The 1/2" tape machine shall be used to record data at a 
tape speed of 3 3/4 IPS according to the following 
schedule. IRIG interr.wdi.:tte h~1nd hr,ads and electronics 
shall be used. The t.lp•' unit dirc•:t recorded frequency 
response is 100 Hz to 1:, KHz. 
Track Information Type of I<ccordir:..g_ 




















.4.3 The Brush trace assignment~ are as fnllo~s with nc to SO 








o Work Request 
Informntioo 
Slow Code 
R~1S Amplitude of R.:tw data 
Discri~inutcJ frcq. Sync 
Discriminated 5.2 KHz 
Slow Code 
o Interdepartmental Communic.Jtion, 72-SRS-OliS, "Lunar Roving 
Vehicle DSf:A and Support Requirements." 
o Support Manual Data for Test Station, IRIG B, DSEA; Leach 
Corporation, Controls Division, A~usa, C~lifornia 
o Loading Procedure, DSEA Tape ~Iaga:ine; L~C Systems 
Engineering Operating Procedure DRC-017. 
o Memo 72-SRS-110, to J. M. Randal from K. J. Langenberg, 
Subject: Revisions to Operating Procedure DRC 021, 
dated 8/7/72. 
Data Processing Hardware (or equivalent) Required 
o Leach Corp • , T e 5 t Stat ion D a t a S t or ;1 g c U c c t ron i c s A s ~~ y • , 
P/N 11-08225, S/N 003, Unit lS-3. 
o Astrodata Time Code Systcn, r-.1orleJ t~::::o h'ith Slow Code 
Generator. 





o Hewlett Packard 400E AC \ ·Jltmeter (DC output) 
o Two Redcore 500 Amp1i!. i(rs 
o Brush Recorder Marh :.'CC 
o Hewlett Packard 651!3 1't:"t Oscil1:aor 
o Ampex FR lROO or FR ~40 0/ 60 f Jntermediatc Band Seven 
Track Tape !{ccorJcr 
o Ampex f R 1 B 0 0 Wid c B a n l: :-:.-, :.: r 1 e en T r ~~ c k Tape R P c order 
o Eldorado Electronics ~~ ·"> L·l 10 th ivcrsal Counter with 
Model 1000 Totalizer 
o Tektronix ~\1 565 \.;i th 3 \fl or 3Al Vertic a l Amplifiers 
Tape Required 
o For 1" machine use 14" reels of 1 mil widehand tape. 
o For 1/2" machine use 1.'\" reels h'ound \dth standard 
band tape supplied by customer. Use standard band 
heads on machine. 
Procedure 
Work Request 
The procedures prescribed herein are baseJ on stated requir 
ments for the data to be produced, check the work request 
carefully to assure agreement bet\\ccn these tho document s . 
Refer questions to shift sup c rvi ~ion . Resolve discrepancie 
and obtain any procedural changes before commencing. 
DSEA Tape Handling 
Immediately upon receipt, the condition of the tape and 
reel and container shall be documented in writing. further 
conditions noted during playback shall be documented in 
writing. Discrepancies such as poor pack, edge curl, 
oxide shed, stretched, no data, bad data and other perti-
nent comments must be written do~n at the time they arc 
discover ed . If the tape is damaged during processing, it 
must be documented. Do not continue this procedure jf 
the tape is damaged v.·hen received until instructed to do 
so by supervision. The condition must be reported and 
approval to proceed re c e i vcd frO! , Rcqu i remc•n t -> and Ana 1 ys i ~ 
before processing further. Ilandlc the Lqw carefully. 
Protect it from contamination and stray magnetic fields. 
Do not load the mag;nine on the DSf:A pJ ayback station 
until called for in the procedure. Do not load the tape 
on a malfunctioning playL3ck station. Stop operations 
immediately if the mag<lZ iue or the playb;1ck station mal-
functions during processing. 




4. 3. 4 
4. 3. 5 
Configure the Off-Line equipment as shown in Figure 1. 
The DS.EA tape will be reproduced in the closed servo 
loop mode only. This is accomplished by placing the 
test switch Sl located on the top rear of the playback 
assembly in the operate position. ~ext, the speed of 
the DSEA playback assembly will be measured by counting 
the frequency at Test Point 11. It should be 1100 + 1 Hz. 
If the frequency is incorrect, adjust RlO on the Am~lifier, 
DC Servo Control Board, Location A14, in the Playback 
Assembly. Use Bi-Frequency Reformat Box as shown. 
Configure the two discriminators as follows: 
Discriminator It] Discriminator #2 
Frequency 4400 Hz 5200 Hz 
Data Cutoff 500 Hz 100 Hz 
Balance Mid Position ~tid Position 
Deviation 7. 5% 7. 5 ~ 
Polarity + + 
Band edge set 75~ Ch' 75% cw 
Note that the 24 db/octave tunable input filter is used 
to band pass the FSK and Reference signals Kith signal 
outputs taken at the BP Out Test point. The normal Discr. 
output connector is used for discriminated data. 
/. 0 
Set the Tektronix Vertical Amplifiers to 0.5 v/cm (calibrated). 
Set the raw data Redcore Amplifier to XlO gain, 10 KC BW. 
Set the filtered data Redcore Amplifief 1to XS gain, 10 KC BW. 
\'1 
Set the RNS Voltmeter to 0.3 volt full scale. 
Set the signal generator to 25.0 KHz + 1 Hz output yoltage 
-2 volts peak-to-peak~ 








Perform adjustments on the record modules in the tv..-o 
recording machines. The center frt'qucncy of the wide-
band GP II FM modules shall be 112.50 Kllz. The devia-
tion for + 1 volt input shall be + 30\. Check the 
quality or the recording with properly adjusted re-
produce modules. Insure that the recording levels of 
the direct record module5 are not so high as to saturate 
either the module circ:.Jitry or the magnetic tape itself. 
Stop all three machines, rcwinJ all tapes. Unload and 
degauss the 1" and 1/2" tapes. HeJoad tapes on m:1chines. 
Begin dubbing by starting 1'' and 1/~" machines, then start 
the DSEA and time gener~tors. 
The 1/2" machine will not be able to continuously record 
all of the DSEA data. TilLis, whenever the 1 I.!." machine runs 
out of tape, the DSEA tape and time generator will be stopped 
The 1" machine will be stopped and then aJ·rmced for one 
minute without recording. \\'hen the 1/:" machine has been re-
loaded with fresh tape, all three' m.1chines :wei the time gen-
erator will be started simultaneously. 
In like manner, \\'hen the 1'.' ffi;Ichinc runs out of tape, the 
DSEA, time generator, and 1/2" machines shall he stopped; 
the 1/2" machine aJvanccd 1 minute, thl' l" m;ichine loaded 
with fresh tape, and all three machines and tjme generator 
restarted simultaneously. 
Verification of a master tape, ~hich is up to 10 hours long, 
would be too time cor1suming to Jn ~fter thP dubbing process 
is complete. It is the duty of t.lic opcratL)f to check the 
reproduced information as the dubbin~; pro•..:c~:s is in progress. 
Check all 14 tracks of the 1" machine ar;d the 7 tracks of 
the 1/2" machine every 15 minutes to .in..,urc all tracks are 
being recorded. Once the dubbing process is started, do 
not change any settings unless tl1c data obviously becomes 
use 1 e s s . I f an e q u i p men t c on f i g u r a t i on <..- h a n g c be c om e s 
necessary, stop all the machines, make the necessary adjust-
ments, annotate the tape on the voice track Jescribing what 
was done and continue dubbing. Document the configuration 
change on the work order. 
It is important that the output jacks (except hi-level sync) 
of the DSEA test station not be loaded with low inpedance 
devices particularly tape recorder inputs. For this reason 
the equipment setup is such that tl1crc> arc buffer ampl·i fi.cr5 
between the outputs ot the DSLA ;lJld the inputs of the t:1pe 
r e c o r d e r ~ . A 1 s o , t he o 11 t p tl t v n l 1:1 ~; c 1 e v C' 1 s u s u a 1 1 y r c q 11 .i r c 












Set the speed of the 1" tape recorder to 15 IPS and the 
1/2" tape recorder to 3 3/4 IPS. 
Set the time generator to internal generate, IRIC B 
output. Slow code generator --~ sec. update. 
/ c-" 
Initial Adjustments 
Load the DSEA magazine into the playback assembly of the 
DSEA test station. 
Press TAPE LOAD DSEA - th~f will rewind the magazine to 
its start point. When the end of tape marker is reached, 
the tape d i r e c t i on w i 11 1· e \' e r s e , t h en s t o p . 
Press REAL TIME; when datA is received, proceed to make 
the following adjustments. 
Adjust the RAW DATA Tektronix Ampl]fier for an output off-
set of 0 v. 
Adjust the filtered data Tektronix Amplifier for an output 
offset of 0 volts. 
Initial Calibrations 
Set the bandedgc adjust control of both discriminators to 
full CW. Stop the DSEA tape. 
Calibrate the Brush recorder such that the pens take the 
following positions: (Use a signal generator) 
Trace 3 
Voltage Input 
to RMS Meter 
-------"> 









Frequency Input Trace 








Frequency Input to 








to the left fr-.m 711;., 
middle 
3 divisions 
to the right 
J...-.." m --»t t J dIe 
Adjust peak-to-peak travel 
of pen to 1/2 full scale. 
Ccntcr tile pulsctrain. 
APPENDIX B 
; •, . 
RE P~ V T• . . 
::r :·r~ 0·· : 
.·· 
IN2 July lG, ·1973 
MEHO RJ\fiDUf-i 
TO: Distribution 
FR0t'1: J. D. Redman 
SUBJECT: Reduction and Analyses of SEP Navigati on Dato 
In a prP.vious memo o.f April 17, 1973, "Ana!_yses of SEP-U~'J r~av·i~pt1on 
Data," there Y./iJ.S a dicussion of the recoven:d na';igatior. data f~;r· th2 
EVA-II travers e from the SEP transmitter si te out to a range of 4.0 Km. 
Th(~ data h2s now been recovered for the comol etc traverse from the SEP 
site to station #2. This has b9en a tec!ious 'p;'occss necessitating the 
use of strip charts of the raw data from which hand counts of the up-
dc..t2s could he made. Some minor errors in the digitization and 
reduction of the data have been. uncovered 1·1h ·i ch affectc(.: the odon:c.:ter 
and hearing d~ta . These probl~m~ h~vr h~en co:rectcct :nd th~ tabul~ted 
iictvi~ ci i..iuri cic:l>l d.ttu enclosea ngures t·eti!?ct these c11anges. 
For· the data tlwt is a·iscussed in this memo, a \~ang 720 calculator 
V!·:'IS used fclr demu1t·iplexing and editing ti12 r avt data. Ti:-is process 
has a1so been carried out by Ray Watts on the Univac 1108 c~nputer to 
produce Hn~§dited digital computer tape. The Wang 720 :alculator has 
the advant0.ge of allowing more operator inter~ction resulting in & 
f~ster al~rival at t he optimum acquisit i on system conf·i91lrntion in the 
sense of producing data with the number of errors minimized. 
Th2 or-iginal navigation data bit stream is decoded and filtC'recl by the 
DAS (Data Acquisit~on System). The conditioned bit stn:·.:un is ther. 
passed to the \·Jaog 720 calculator \vhe re ;-:;is v:l~ittr:n on i!ang d·igitul 
cass ette tapes. This t 1pe is then read and demultiploxed by the Wang. 
The data fer each 6.48 sec. record is tested to locate the-' position of 
the sync b'it \vhi ch should occur every 7th bit time. If the sync bH 
cannot bo lo cated then that record is ptintedl out allcv:inq t,he problem 
to b1.:: visually analysed. There are three types of er,·or •; 1vi:icr1 occur. 
An extra bit (i.e., 11.25 msec of time) mJ.y be inserted somewhc~re in 
the record. A bit may be missing and a. sync bH rnay be a 11 0 11 ~vhere 
it should be a 11 111 • This failure is then corrected hy inserting or 
deleting a bit or by char.gir.g a 11 0 11 bit to a 11 111 bit . The sync bit 
is then relocated. 
~) 
(_ 
l'iith the position of the snyc bit known, the data for that record is 
then dei:lultiplexcd in terms of range, bearing and orlorne ter pulses an d 
w~itten on a di gital cassette tape. This tape is used to prod~ce a 
tabulation of all the range~ and beal·ing pulses 0nci the time at v.'hich 
they occur ·j n terms of their ~pdate number . In or·der to compc:tre the 
dc.ta on t:"1e strip charts and the demul-:.. iplexed data it \·;as necessa ry 
to correlate in time individual navigution data v:ords (73.75 msec 
\'iOrds). The refer·ence chosen t o compare these ti·lo forrns of data is 
the position of the navigation data word in which the first odometer 
pulse occur·s after tap?. t ime 00:25:00. This word i s rcfen·ed to as 
Nav update #1 and all others are referenced to it . There arc 55,000 
updates or navigation data words on the traverse from the SEP 
transmitter site to statior. 12. 
A hand count of all the range up. range down, bearing up and bearing 
down pulses \·Jas made by visual inspection of t he str ip charts of the 
raw datu for the complete traverse. In the last secti on of t he data 
(last 5000 updates) it was not possible to do a hand count with any 
confidence in the resu1ts because of numerous d~tv dropouts. 
The tabulated range and bearing pulses recovered with the DAS and 
Wang were compared with those found by visual inspection of the raw 
data. Out to a range of 4.6 Km there v.Jas only one discrepancy in 
whi ch ar extra beari ng da~n pulse occurred and was attrihil tPrl i~ nnis~ 
in the raw data. From the range of 4.6 Km out to Station #2 the 
data steadily degrades in quality. There are numerous bits missing 
and sync bits which ar~ a "0" \<Jhere they should be "l'"s. There vwre 
53 discrepancies betvJeen the hand-coun ts and the digiti zed data 
mainly caused by extra range up pulses occurring because of timing errors . 
Even though all these discrepancies occu r red, the corrected data appears 
to be reasonably good as will be discussed later. 
The Wang digital tapes which contained the demultiplexed data were 
edited to correct the errors that occurred during the digitization. 
These edited tapes were used to produce the data tabulations that are 
enclosed in this memo. 
The data that was recorded on computer tape has gone through essentia1ly 
the same process . The data has been compared to the hand counts and 
the errors have been corrected . The range and bearing data agree 
exactly with the data digitized on the Wang that is discussed in this 
memo. The accumulated odometer counts agree exactly out to the range 
of 4. 3 Km. 
This data was only completed out to a range of 5.7 Km because the 
diffi culty of correcting all the en~ors that occurred beyond this point 
3 
was considered to be too great to v1arrent spcndi ng excessive time 
on navigation data that applied to science data that was of marginal 
usefulness because of the loss of syncronization between the trans-
mitter and receiver beyond the range of !:.3 Km. This digital tape 
has been copied and sent to MIT. 
Data Quality 
One measure of data quality is a comparison between the crew readouts 
from the navigation systern that were relayed during the mission and 
the final version of the data that was recovered from the DSEA after 
digitizing. demultiplexing and editing. These two should agree since 
the crew displays for range and bearing were driven by the same pulses 
recorded on the DSEA. For the LRV navigation system distance traveled 
is computed on the basis of the third slowest wheel; however, only 
odometer pulses from two wheels were recorded on the DSEA, therefo re 
these two approaches to calculating the distance traveled will not 
agree exactly. The distance traveled as computed from each odometer 
value is includGd in t<':>le #1. This table gives a comparison bet11een 
the crew readouts and the digitized data. The digitized data is 
taken directly from the data tabulation of table #2. It is clear that 
there is excellent agreement out to a range of 6.9 Km from the SEP 
transmitter site. Beyond this range it is apparent there is one 
ra~~e ~p p~lse a~d one b2~ring up pulse missing. Thi~ fact is ~1 s c 
clear when one examines the wander factors as given in table #3. At 
a range of 7.4 Km the wander factor is .314 which appears anomalous 
in relationship to the other values at this distance and also 
considering they were traveling in a straight line path in this area 
it is probable that a range pulse is missing between the apparent 
ranges of 7. 3 Km and 7.4 Km. A search of the raw data recorded on 
the strip charts was made again in this area but presumably because 
of the degraded nature of the data it was not possible to f ind this 
missing pulse. 
The comparison between the crew readouts and digitized data suggest 
that the data is of good quality out to a ratflge of 6.9 Krn from the 
SEP transmitter and that for the remainder of the data to station #2 
there is only one range and one bearing pulse missing. This is 
understandable considering the quality of the recorded data ~:as 
steadily degrading as the DSEA temperature approached ll5°F, the 
upper limit of its operating range, due to thermal control problems 
on the traverse to station #2. It was known from tests conducted 
before the mi ssion that the recording capabi 1 i ties \'Jere degraded at 
temperatures near ll0°F so this was to be expected. 
4 
The accuracy of digitization could be tested by comparing the hand-
counts of the raw data against this digitized result. It was only 
possible to hand count the range and bearing pulses since the large 
number of odometer pulses would have been too time consuming to count. 
To test that the digitization process was reliably recovering the 
odometer counts, a section of the data of 1500 navigation data words 
ir. duration was hand counted for both the left rear and right front 
odometer pulses. There were 640 right front and 639 left rear 
odometer pulses in this section of data. These hand counts agreed 
exactly with the digitized data. As stated already in this memo 
there was only one discrepancy of an extra bear·ing down pulse 
attributable to an observed noise pulse on the strip charts ·in the 
section of data from the SEP transmitter site out to a range of 4.6 Km. 
At the range of 4.3 Km a false reset pulse occurred in the SEP receiver 
resetting the timing relative to the transmitter and resulting in the 
remainder of the field strength data out to station #2 being of dubious 
usefulness. Fortunately the navigation data is excellent for all of 
the useful scientific data. From the range of 4.6 Km out to station #2 
the data steadily degrades in qua 1 ity resulting in numerous d·i giti zation 
errors. The strip charts were used to resolve the discrepancies 
between the results derived by a hand count and the digitization. 
Data Tabulation 
In table #2 the accumulated navigation data is printed out every 
thirteen navigation data updates (i.e., 13 x 78.75 msec) which is a 
time interval of 1.02 sec. The tabulation begins at the SEP transmitter 
and ends at station #2. The time origin or time zero is at ground 
elapsed time 141:30:35. The speed is calculated by counting the 
number of odometer pulses that occur in each interval of 13 updates. 
This results in the apparent quantized values of the speed. The 
distance traveled at any time can be calculated by multiplying the 
odometer counts by .49 meters. Since the first range pulse occurs at 
50 meters instead of the normal interval of 100 meters the range is 
computed by subtracting 50 meters from the value given for the range. 
Wander Factors 
An indication of the amount by which the LRV deviates from a straight 
line path is given by the wander factors shown in table #3. If the 
LRV is not moving on a ray path directly away from the SEP Tx (i.e., 
with the bearing remaining constant) then the wander factors also 
reflect this in addition to the wandering. The wander factor is 
computed by counting the number of odometer counts between successive 
range up pulses and dividing this value by 204.1. If the bearing did 
not change between these successive range up pulses and if the LRV moved 
in a straight line path between them, then there should have been 204 
odometer pulses. Thus this ratio is an indication of the amount of 
straying from the straight line path and can be used to calculate the 
range for intermediate points between range updates. 
5 
Traverse Reconstruction 
In figures 3> 4 and 5 a plot of the traverse derived from the navigation 
data is shown. The location of the SEP is assumed to be that given by 
USGS which is quoted as being accurate to \'lithin 10 meters. In 
figures 3 and 4 a point was plotted for each range up pulse. The 
bearing for that range va·iue was computed by t~king the average of 
the accumulated bearing at the time of the range up pulse and the 
accumulated bearing at the time of the previous range or bearing up 
or down pulse. In figure 5 a point was plotted for each range up 
pulse and each bearing up and down. The range value for each bearing 
point was calculated by interpolating between range up pulses with 
the use of the appropriate wander factor and the odomater. 
Rover Speed 
The LRV speed is plotted for the traverse from the SEP transmitter to 
station #2 in fig~res 1 and 2. In figures l(a) and (b) the sp2ed was 
calculated over intervals of 120 navigation data updates (i.~., every 
9.45 seconds) by averaging the nun~er of counts on th~ left rear 2nd 
right front odometers. Their average speed is 10 Km/.1r. fo r- most of 
the traverse. In figure #2 the speed is computed and plotted separ·ately 
for each wheel. As can be seen the values agree quite well with each 
other as would be expected. The crew readouts of their speed were 
generally in the rangP. 9 - l1 Krr./hr. 
Comparison With the USGS and VLBI EVA-II Traverse qata 
In table #4 the comparison between these various sources of traverse 
data is given for the station stops and Hole in the Wall. The VLBI 
data has an accuracy of approximately 40 meters. This data VJas 
transmitted verbally by I. Salzberg on July 11, 1972. The USGS traverse 
informati on was taken from a map prepared from final pan station 
locations which will be used in the preliminary science report. The 
locations of stations EP-4, LRV-1, and station 2 are estimated to be 
within 10 meters . For LRV-2, and LRV-3 the errors are estimated to 
be within 50 meters. The USGS traverse sllovm in figure #4 is from a 
combination of photographic information and the preliminary low 
speed VLBI data . 
The station locations derived from these different sources is plotted 
in figure #4. From the SEP transmitter to the LRV-1 station stop 
there appears to be reasonable agreement between the different 
apparent station locations. The LRV-2 and 3 stops show disagreements 
on the order of 500 meters. From Hole in the Wall to station #2 the 
USGS traverse data shows large discrepancies with the SEP-LRV 
navigation data. Some of these differences can be attributed to 
errors in the LRV navigation system which suffers from 1·1heel slippage, 
errors, gyro compass drift and other errors inherent in this type of 
system. A better assessment will be possible when all of the VLBI 
data out to Hole in the Wall is available. 
6 
This data and the digital tape that has been produc~d represents the 
complete processing of the Rover n~vigation data. No further work 
is anticipated unt il the fina l detailed ULBI data is available for 
comparison. 
The1~e is no plan to redigiti 7.e the science data immed ir;tely. This 
will be done after we have had a chance to work with t he present 
digitization and the merging with the navigation data. Before the 
end of the contract the science data will be redig iti zed in an 
~0 i mf/ltl) an~ fin a 1 form. 
\ ) \ { flr.'.I.V."'-~ r·l . . ., , .)<..V ~ 
'.J/. D. Redman 
Enclosures 
Dis tri buti on: 
D. H. Strangway 


















































































































































































































































































































































































































































































































































































































































































































, ..,. ., : . r : 
j l •·• L 
1,() 
/. • (J 
~ -, 
~·-'-
/f • 1 
5. 1 
(; . 1 
7 fl 2 
b.::: 
9 . 2 
J () • /: 
ll. 3 
J. 2 . J 
13. 3 
] /+ • J 
1 5 , I~ 
1(1. '! 
J 7. L; 
1 ~l • • !~ 
19.5 
2 () • . :) 
.. , ... -
L ..J_ • ~) 
22 . .5 
2 .. . 5 
..., / ( 
4 • .. t • \) 
2 5. (J 
2G.G 
?. 7. G 
2 u. 7 
2 9 .7 






3 C. 9 
3 7. 9 




4 3. 0 
44.0 
L;. 5 . 0 
tj(:, . 1 
47. 1 
4 8. 1 
49 . 1 
50.2 
51.2 
52. 2 ' 
5 J. 2 
54. 3 
55 . 3 
56 . 3 
57 . 3 
50. /f 
59 , L, 
60. lf 
61.4 
TABLE #2 EVA-II NAVIGATION DATA TABULATION 
R+ 1~ - TOTAL l~ + h- TOTAL ORF 


























































































SPECD·-RF SPEE D· ·Ll. 
Kl-1/1.1~· 1~;[ /Ll\• 
.o .o 
. () • 0 
(' 
• u • 0 
. o .o 
• (J .o 
.o • (J 
• 0 .0 
.o • 0 
.o .o 
.0 • 0 
' 0 • (J 
.o .o 
• 0 r, • v 
3.4 • 0 
• (I • 0 
.o • 0 
., 
• u • 0 
.o . 0 
• 0 . c 
.o .o 
1.7 • (J 
-. () • (J l ., 
. . . () 
.o J • 7 
• 0 • 0 
1.7 • 0 
• 0 • 0 
1./ ,() 
{) 
. ,, l.7 
. 0 .u 
1.7 .o 
1.7 1.7 
• 0 1.7 
~ • L, 1.7 
1.7 1.7 
1.7 1.7 
1.7 J. l; 
3 • L; 1. i' 
1.7 3. 4 
3 • L; 1 -
- • I 
3. t, 3. l; 
3.4 3.4 
1.7 J..7 
3. 4 3. 4 
3 . 4 3.4 
3.4 3.4 
3 .4 3. 4 
3. ,, 3. 4 
:. 1., 1.7 
") I 
.... '4 3.4 
3. 4 3. 4 
3. '• 3. l, 3.4 3. 4 
3.4 3.4 
3.4 3.4 
3 . ,, 3.4 
1.7 3. 4 
3.4 1.7 
3. '• 3. l, 3.4 3.4 
TINL R+ R- TOTAL H+ B- TOTAL onF OLR SPI:.:ED-l~F ~; l' E E D- :. : 
S!~C • Ci:~TS c:n:s R Cl~TS CNTS CNTS B CNTS Cl~ TS c:~TS Kfl ILl~ 0 l~H / l:i~ · 
62.4 59 52 5.1 ') ' ·-' • t; 
63.5 61 5:J 3.4 5. l 
6 4. 5 63 57 3 0 ll 3. !~ 
65.5 6G 59 5.1 3. ll 
66.5 6 2: 61 3.4 3.4 
6 7. (; 70 63 3.4 3.4 
6 8. (, 72 6G 3. ll S.l 
6 9. 6 75 6b 5. 1 3.4 
70.6 78 71 5. 1 5. 1 
71. 7 so 711 J.4 s. 1 
7 2. 7 83 76 5.1 3. 4 
7 3. 7 1 1 6 6 86 79 5. 1 5.1 
I I;. 7 1 1 16 16 89 82 5.1 5. 1 
7" n 1 1 16 1G 92 85 5. 1 5. 1 .) • 0 
7 (). £ 1 1 16 16 95 88 5. 1 5. l 
7 7. '0 2 1 1 25 Z5 98 91 5.1 5.1 
7D.8 ') 1 , 34 3/f 101 911 5.1 5. 1 .. .L 
79.9 2 .1 1 43 ,, 3 104 97 5.1 5.1 
80.9 2 1 l 52 52 .107 101 5. 1 6 n • u 
81.9 2 1 1 62 62 110 104 5. 1 5.1 
82.9 2 1 1 71 71 J. l l1 108 6.8 6. {; 
83.~ 2 1 1 80 80 119 113 8.6 8. 6 
85.0 2 1 1 S'} 90 12/1 lH; [;,6 8.6 
86.0 2 1 1 91 1 90 129 123 8. 6 8.6 
87.0 2 1 1 93 3 90 lJl1 12U (;,6 fJ. 6 
8S.O 2 1 1 95 3 92 139 133 ~.6 8.6 
89.1 2 1 1 97 3 94 144 138 8.6 8.6 
90.1 2 1 1 97 3 9/1 150 14ll 1G.3 1\J.J 
" ., , 
" 
, , 97 ") '}I! 155 l'· ~) ~ ; r, k . (, ~ .l.. • ..A.. ... .... ... ~ 
9 2. 1 2 1 1 97 6 91 161 155 10.3 10. 3 
9 3. 2 2 1 1 100 7 93 166 160 0.6 8.6 
911. 2 2 1 1 103 9 94 172 H>5 10.3 8. 6 
95.2 2 1 1 10 3 9 94 177 170 n.6 8.6 
96.2 2 1 1 103 9 94 132 175 0.6 8.6 
97.3 ') 1 1 ]03 9 94 187 180 3.6 8. 6 .... 
98.3 2 1 1 103 9 94 192 1{)4 G.6 6 (;' • v 
99.3 2 1 l 103 9 94 198 190 10.3 10.3 
100.3 2 1 1 103 9 94 203 195 0.6 8.6 
101.4 ') 1 1 103 9 94 2 09 201 10.3 10.3 .... 
102.4 2 1 1 103 9 9/1 214 206 8.6 8.6 
103.4 2 1 1 103 12 91 219 212 8.6 1U. 3 
104.4 2 1 1 103 12 91 224 217 G.6 f,. 6 
105. ll 2 1 1 103 12 91 229 222 P.6 8.6 
106.5 2 1 1 103 12 91 2 JLI 22.7 B.6 8. G 
107.5 2 1 1 103 12 91 2 39 232 8.6 8.6 
100.5 2 1 1 103 12 91 245 238 10. 3 10. 3 
109.5 2 1 1 104 12 92 250 2l, 3 8.6 8. 6 
110.6 2 1 1 104 13 91 255 21~ 8 [;.6 e.G 
111. 6 2 1 1 106 13 93 260 254 8.6 10. 3 
1:!..2.6 2 1 1 106 14 92 266 259 10. 3 8. 6 
113.6 2 1 1 106 14 92 2 72 265 10.3 10. 3 
114. 7 2 1 1 107 14 93 2 77 270 8.6 8.6 
115. 7 ') 1 1 10 7 15 92 283 276 10.3 10. 3 "-
116. 7 2 1 1 107 15 92 289 2B1 10.3 8.6 
11. 7. 7 2 1 1 107 16 91 296 2G7 12.0 10.3 
118.8 2 1 1 107 16 91 301 293 8 . 6 10. 3 
119. 8 3 1 2 107 16 91 303 299 12.0 10. 3 
120.C 3 2 1 10 7 16 91 313 304 U.6 8.6 
121. 8 !~ 2 2 107 18 89 319 309 10.3 8. 6 
122.9 !~ 2 2 103 18 90 325 315 10.3 10. J 
TillE R+ H.- TOTAL D+ ]}- TOTAL ORF ()1 p SPEJ..:D ·- KF s P t r ;;. - i. ; ...J....JI. ·. 
SEC• CNTS CNTS R CNTS C!_I;TS CN'l'S l3 Cl~'J.'S CNTS CITS ;~~1 I J, R. ~\ ~ 1 / J. H • 
123.9 4 2 2 ] . 0 9 2C b9 330 :~:;. 0 0.G ~) ~ 6 
12 it • 9 It 2 2 109 20 89 336 3 2 G 10.3 10. 1 
125.9 4 2 2 109 20 e9 31~ L :<!2 lU.3 lC' :~ 
126.SI 4 2 2 110 ..., ' 89 J l, 8 :i ~~ u 1 (). 3 1U.j .<. . .l. 
128.0 4 2 2 110 22 88 353 3iJlt 0.6 10. 3 
129.0 4 2 2 110 24 86 359 3 :,; () 10.3 10. 2 
130.0 4 2 2 111 2/l E7 J(J.) 
.... c,. 10.3 10. 3 . .) .) ll 
131.0 4 2 2 111 25 86 371 ~)6 2 10. 3 10. 3 
132.1 4 2 2 111 25 86 377 360 10. 3 10. J 
133.1 4 2 2 111 26 55 383 
,.~ · • I 10.3 10. 3 .) I •1 
131;. 1 ,, 2 2 112 26 86 3139 JLO lO. :~ 10. 3 
13:J.1 4 2 2 112 27 85 395 ::i36 ](). J J. 0. 3 
136.2 /I 2 2 112 27 85 401 
.. ~ () .. , 10.3 10' 3 
- · ;;J ...... 
137.2 4 2 2 112 27 85 407 399 10. 3 12. 0 
138.2 4 2 2 113 28 es 41J 405 lO.J 10. ~; 
139.2 4 .... 2 113 28 85 Ll19 411 1 (). 3 10. 3 ~-
140.3 4 2 .... 113 28 S5 ll· 2 3 /116 6.8 () ~ G L 
11f 1. 3 4 2 2 1]4 29 S5 4 29 421 J..O. 3 8.6 
1L,2. 3 4 2 2 114 30 [\II 434 !12 6 b.G ~; . () 
11<3.3 4 2 2 11ll 30 84 I; .3 9 /131 [),6 8. 6 
144.3 4 2 2 11'• 31 83 4lf t, 4 ~Hi 8.6 8. 6 
ll15.l, 4 2 2 115 31 8!f I, 50 l1 It l 10.~ 8. (-i 
1116. 4 4 2 2 115 32 P'~ 456 t,4 7 1CJ.3 10.3 >..) 
1/1 7. 4 4 ~ 2 115 32 33 /f 6 3 452 12.() (• ,: 1. J 0 lJ 
lld;.4 l; 2 2 115 33 32 469 /1 ~~ [) 10.3 , f\ ,.., .... v • ..) 
11~9.5 4 2 2 116 33 83 4/5 ldJ ft 10.3 10. -~ 
150.5 4 2 2 116 '), /, 82 4o1 470 10.::. 10' 3 _ ... 
151.5 4 2 2 116 35 81 4G7 I, 7 6 10. 3 J. 0. 3 
l.51 .. 5 !J 2 ? 1 1 fi i ~l ~~ 1 493 I ~ ' 'f , ~ ') 
1 , •. ' 
-.v ~ .J..U • .. • ...... \j ... ) 
153.6 4 2 2 116 36 80 500 I; ;j 9 12.0 12. 0 
lSL;. 6 4 2 2 116 36 80 505 {, !) 5 8.6 10.3 
155.6 4 2 2 116 37 79 511 5Dl 18.3 10.3 
156.6 l, 2 2 116 37 79 51G 507 8.6 10.3 
157.7 4 ') 2 116 37 79 522 513 10.3 10. 3 ... 
158.7 4 2 2 116 37 79 527 518 e.G 8.6 
159.7 5 2 3 116 37 79 533 52~ 10.J 10. ~ .. 
160.7 5 2 3 116 37 79 5')" 529 8.6 8.6 .)0 
161.8 5 2 3 116 37 79 545 535 12.0 10.3 
162.f> 5 2 3 116 38 78 551 )/1 Q 10.3 8.6 
163.8 5 2 3 116 38 78 557 5/l 6 10:3 10. 3 
16/1. 8 5 2 3 117 39 78 563 552 10.3 10. 3 
165.8 5 2 3 117 39 78 569 559 10.3 12. 0 
166.9 5 2 3 117 39 78 576 565 12.0 10. 3 
167.9 5 2 3 117 L,Q 77 583 572 12.0 12,0 
16G.9 5 2 3 117 '•1 7(i 509 578 10.3 llJ. 3 
169.9 5 2 3 118 l~2 76 596 584 12.0 10. 3 
171.0 5 2 3 118 42 76 602 590 10.3 10. 3 
17 2. 0 5 2 3 118 42 76 608 596 10.3 10. 3 
173.0 5 2 3 119 43 7C 615 602 12.0 10. 3 
1 7 !, • 0 5 2 3 119 44 75 621 609 10.3 12. 0 
175.1 5 2 3 119 44 75 627 615 10.3 1 0. 3 
176.1 5 2 3 119 l,4 75 633 621 10.3 10. J 
177. 1 c- 2 3 119 44 75 C39 628 10.3 12.0 .) 
178.1 5 2 3 119 /15 74 G46 634 12.0 10. 3 
179.2 5 2 3 119 45 74 652 61,0 10.3 J. lj • 3 
180.2 ,. 2 3 120 46 74 6 66 61i8 13. 7 13. 7 :; 
181 • 2 5 2 3 120 47 73 667 656 12.0 13. 7 
182.2 5 2 3 120 47 73 671 661 6.8 £.6 
1S::.3 5 " 3 121 !; 3 73 G31 671 17. 2 17.2 "-









































2.:U •• 2 6 





2 30. 3 6 
231.'* 6 
2 32. 4 6 
233 .4 6 
2 34. 4 6 
2 35. 5 6 
2 36.5 6 
237. 5 6 
2 3~. j 6 
23J. 6 6 
2 1: 0 . 6 6 
2ld, G 6 
242. (l 6 
243.7 6 
244.7 6 
































































































































































































































































































































































































7 :) 3 











8 \l 9 
813 









































3 . 6 
10. J 
U. 6 
.1 () • 3 
10.3 
L.6 
() . 6 
J. (J .J 
l 7 • 2 
c. 8 
(, . G 
(, . [, 




6 . ,, 






. ..... u 
(~ . 6 
10.3 






5 . 1 
L.6 
6.8 
2 . 6 
2 .6 
10.3 














E . 6 
Sl'i~ Eli-·!. 
l~i··l ,' ; .. !~. 
l.i . G 






lu . J 
J. O. 3 
3. 6 
1 0 . J 
c ' () . u 
C. H 




c. . c 
( ,, 
·). u 
6 . f> 
8 . G 


















5 . l 







1 0. 3 













TCIL R+ R- TOTAL B+ n- TOTAL ORF OLR SPEED-RF SPEED-t;: 
SLC· c;~TS CJTS p CNTS CN'l'S CNTS ]) cwrs CNTS ct~ TS KH/l.R• K:'I I lt I~. '• 
z 46. 7 6 2 4 133 50 B3 9 82 <JIO L. 6 6. 8 
21. 1. 7 6 2 lj 133 50 83 989 976 12.0 10.3 
24e.e G 2 4 133 so g3 994 981 f~. 6 8.6 
2 4 9 . () 6 2 4 134 50 84 999 98(1 (;. 6 8.6 
~50.8 6 2 L, 131~ 50 84 100 3 991 6. 8 3.6 
2 51. 8 6 2 4 1.34 51 83 1008 995 L.G 6. 8 
2 52.9 6 2 4 134 51 83 1012 1000 6.8 8. 6 
253.9 G 2 4 13'• 51 83 1017 J.OOI.; 8. G f.,. 8 
251,,9 6 2 4 134 51 83 1022 ]009 8. 6 8. 6 
255.9 6 2 ~~ 135 51 8'· 1026 101 L, (>. 8 8.6 
257.0 7 2 5 135 52 83 10 31 1020 0.6 10. 3 
258.0 I 2 5 135 52 83 10 3 7 1026 10.3 10. 3 
259.0 7 ') 5 136 53 B3 104 J 1032 10.3 10. 3 .. 
2 ()0. 0 7 2 5 136 53 03 10/d) 10 38 n ,. 10. 3 0. 0 
261.1 7 2 5 136 53 83 1054 10 1-tJ 10.3 8.6 
262.1 7 2 5 136 53 83 J.OGO 104 9 10. 3 ] 0. 3 
263.1 7 2 5 136 53 8::1 1065 1CJ54 s. 6 8. 6 
2611.1 7 2 5 137 53 84 10.11 1059 10.3 D.6 
265.2 7 2 5 137 54 83 10 .,6 1065 ~; .. 6 10. 3 
266.2 7 2 5 137 54 83 10 82 lOll 10. J ] (). 3 
2G7.2 7 2 5 137 54 f3 1088 1077 J 0. 3 10. 3 
26&.2 7 2 5 137 54 ~3 1094 1083 10.3 10. 3 
269.2 7 2 5 JJ8 Sl1 u~ 1100 1089 10.3 1.0.~ 
270.3 7 2 5 138 55 83 1106 1095 ] (). 3 lC. 3 
271.3 7 2 5 139 56 83 1112 1100 JJ.J 2.6 
272.3 7 2 5 139 56 [.3 1117 llOG [j. 6 10.3 
273.3 7 2 5 140 57 83 1123 1111 10.3 2.6 
~ i' ' /. 7 2 5 1110 57 83 1129 11 J 7 } I). 3 JO.J .:. I ·f • •t 
2"/),L~ I L 5 l40 57 .:3 .. 1 "'I _,., ""''"' " 
( r' r. J...l .,i'i .J... .i. ..... ,_ L· • li ;... • v 
2 7 G. I; 7 2 5 141 57 84 1139 112/ 0. (> 8.6 
2.7/.4 7 2 5 1 L;.J. 58 83 1144 1131 [;. 6 G. 8 
278.5 7 .-, 5 141 so £3 ll4L 1135 6.8 6.8 "-
279.5 7 2 5 141 58 ~') 1151 1139 :; 1 6. 8 u.; . ~ 
280.5 7 2 5 1ld 58 83 1155 11'· 2 (). 8 5. l 
281.:, 7 2 5 141 58 83 1158 1145 5. 1 5. 1 
202.6 7 2 5 141 58 E3 1158 114 .J • 0 .o 
2 &J. G 7 2 5 141 58 83 1159 lll~5 1.7 .o 
2 (:}LI, 6 7 2 5 141 58 83 1159 111~ 5 • 0 .o 
2 85. 6 7 2 5 141 5fJ [,3 1160 lll•S l.7 .o 
23(1, 7 7 2 5 141 58 83 1161 1146 1.7 1.7 
287.7 7 2 5 141 58 83 1162 1lld) 1.7 3.4 
28[;. 7 7 2 5 141 59 82 1164 1150 3. 4 3.4 
289.7 7 .... 5 141 59 62 1166 1152 3. LJ 3. I; "-
290.7 7 2 5 141 59 82 1168 115'• 3. 4 3.4 
291. D 7 2 5 1111 59 82 1170 1156 3.4 3. !+ 
292.E; ':J 2 5 141 59 82 1172 1159 3.4 5. 1 
293.8 7 2 5 141 59 82 1174 1161 3. !+ 3.4 
294.(; 7 2 5 141 59 8 ,, 1176 1163 3. 4 3.4 •L. 
295.9 7 2 5 141 59 82 1178 1165 3.4 3.4 
296.9 7 2 5 141 59 82 1179 116l 1.7 3. ~~ 
297.9 7 2 5 141 59 82 1179 116 7 • 0 • 0 
29&.9 7 2 5 141 59 82 1179 1167 • 0 .o 
300.0 7 2 5 141 59 82 1179 1167 • 0 .o 
301.0 7 2 5 141 59 82 1179 1167 • 0 • (J 
302.0 7 2 5 142 59 83 1180 116 7 1.7 .o 
303.0 7 2 5 142 59 23 11~2 llG9 3.4 3.4 
304.1 7 2 5 142 59 83 1183 1170 1.7 1.7 
305.1 7 2 5 142 59 33 1Hl4 1172 1.7 3.4 
30G.l 7 2 5 lL12 59 83 1186 117 /~ 3. 4 3. 4 
307.1 7 2 5 142 59 83 1186 1174 . 0 .o 
TllfL R+ R- TOTAL IJ+ D- TOTAL ORF OLR SPEETJ-P..F SPEED- Ll 
SEC• c ;\TS Gns R Cl~ TS CNTS CNTS B ens CNTS C!\ T S i<~·1 I l i R. Kti/: . 1~ · 
30&.1 7 2 5 142 59 83 1187 11 7 .'> 1.7 .l.7 
309. 2 7 " 5 142 59 83 1 J. [\ 8 1176 1.7 1.7 .L. 
310.2 7 2 5 1/12 59 83 11 es 1177 .o 1.7 
311.2 7 2 5 1112 59 83 11 8 9 1177 1.7 • (j 
312.2 7 2 5 142 59 83 1189 1177 .o .o 
313.3 7 2 5 142 59 83 1189 ] 17 7 • 0 .o 
3lL!, 3 7 2 5 1112 59 B3 11BY ll 7 i' . () .o 
31 :) .3 7 2 5 J.t. 2 59 8J 1189 117 7 • 0 • 0 
316.3 7 2 5 14 2 59 f3 11 89 1177 • 0 ' I • u 
317.4 7 2 5 142 59 83 1U>9 117 7 • 0 • 0 
318. I; 7 2 5 14 2 59 83 11 n 9 117 7 • (l 
, .
• u 
319. !; 7 2 5 142 59 83 1.18 C) 1177 • 0 . G 
320./t 7 2 5 142 59 83 1189 1177 • 0 • 0 
321.5 7 2 5 142 59 83 J 189 11 i' 7 • 0 • 0 
32:1..5 7 2 5 142 59 83 11 8 9 117 7 • I) • G 
323.5 7 2 5 J.lj 2 59 83 1189 1.177 • 0 • 0 
324.5 7 2 5 142 59 83 1189 1177 .o .o 
325.6 7 2 5 142 59 eJ J. J 39 117 7 • 0 .o 
326.6 7 2 5 142 59 83 1189 1177 . 0 • 0 
327.6 7 2 5 142 59 B3 1189 117/ . 0 .o 
3 ')" ' 7 2 5 142 59 83 1.189 1177 • 0 r · Lc..J,O .v 
329.6 7 2 5 142 59 83 1189 lJ 7 '1 . 0 . 0 
3 3C'. 7 7 2 5 142 59 83 1189 11/7 • 0 ( \ , v 
33i.7 7 2 5 142 59 33 l1B9 117 7 .o 
,, 
. \, 
332. 7 7 2 5 142 59 &3 1189 117 7 • 0 • (j 
333.7 7 2 5 142 59 83 1189 1177 .o • 0 
334.8 7 2 5 142 59 (• " 1189 117 ., .o G <.) ..) . ' 
3 35. 8 7 2 5 142 59 83 1189 1177 .o .o 
3 36. 0 I 2 s ]./; 2 59 83 11 [;Sl 1177 • 0 .o 
337.8 7 2. 5 142 .)9 8 3 11 B9 1 1/ / • u .u 
338.9 7 2 5 142 59 83 1189 1177 • 0 .o 
339.9 7 2 5 142 59 83 1139 117 7 .o . 0 
340.9 7 2 5 142 59 83 118J 1177 . 0 • G 
34.1. 9 7 2 5 142 59 83 1189 117 7 • 0 • (! 
31+3.0 7 2 5 11+2 59 83 1189 1177 .o .o 
34L+.0 7 2 5 1112 59 83 1189 1] 7 7 .o • 0 
345.0 7 2 5 142 59 83 1189 1177 .o .o 
3Lf6,() 7 2 s 142 59 r.3 1189 1177 • 0 .o 
347.1 7 2 5 142 59 33 1189 1177 . 0 • 0 
JLdL 1 7 2 5 14 2 59 83 1189 1177 .o .o 
349.1 7 2 5 142 59 83 1189 1177 .o .o 
350.1 7 2 5 14 2 59 83 11<>9 1177 .o .o 
351.1 7 2 5 142 59 03 1189 1177 .o • 0 
352.2 7 2 5 142 59 83 1189 1177 • 0 • 0 
353.2 7 2 5 1112 59 83 1189 1 1 77 • 0 .0 
354.2 7 2 5 142 59 83 1189 117 7 .o • 0 
3 5 5. 2 7 2 5 142 59 n~ 1189 1177 • 0 .o o..> 
356. 3 7 2 5 142 59 83 1189 1177 .o .o 
357.3 7 2 5 14~ 59 83 1189 1177 • 0 .o 
358.3 7 2 5 142 59 83 1189 117 7 .o .o 
359.3 7 2 5 142 59 83 1189 1177 .o .o 
360.4 7 2 5 142 59 83 1189 1177 .o .o 
3(>1.11 7 2 5 142 59 83 1189 1177 • 0 • 0 
3G2.4 7 2 5 142 59 83 1189 1177 .o .o 
363.4 7 2 5 142 59 83 1189 1177 • 0 .o 
364. 5 7 2 5 142 59 03 1189 1177 .o . o 
3(,5.5 7 2 5 142 59 83 1189 1177 • 0 .o 
366.5 7 2 5 14 2 59 83 1189 1177 • 0 .o 
367.5 7 2 5 142 59 B3 1189 1177 • 0 • 0 
3G&.G 7 2 5 142 59 83 1189 117 7 • 0 .v 
TINE R+ R- TOTAL L+ B- TO'l'AL ORF OLR SPEED-RF SP EJ~ lJ- t I 
SEC:O ens C(;T'S R CNTS CNTS cwrs B CWI'S CNTS Cl'i'i:S ur/ li r: • 1 ·~1·1 /i ~ l\. 
3C9.6 7 2 c; 142 59 f. l ~ 1189 1177 • 0 • 0 _, O..J 
370.G '"1 2 r· lit 2 59 83 1189 117 7 • 0 .o I :J 
3 71. G 7 2 .,. 142 59 e3 1189 1177 • 0 .o :J 
372.6 7 2 5 11t2 59 83 1139 117 7 . 0 .o 
373.7 7 2 5 142 59 83 .1189 1177 • 0 .o 
3 7 4. 7 7 2 5 142 59 83 118') 1177 • 0 .o 
375.7 7 2 5 llt2 59 03 1189 117 7 . () • 0 
376.7 7 2 5 14 2 59 B3 1189 lJ 7 7 .o .o 
377.8 7 2 5 14 2 59 33 1189 1177 .o .o 
3 7 8. (·~ 7 2 ,. 142 59 C3 Jlf39 1177 • 0 • 0 ..) 
379.8 7 2 5 142 59 83 1189 11 713 . 0 L7 38o.e 7 2 5 142 59 [,3 11 B9 1173 . () .c 
381.9 7 2 5 14 2 59 83 1H~9 ll7 8 . 0 • 0 
38 • .2. 9 7 2 5 142 59 83 1190 1179 1.7 1.7 
383.9 7 2 5 142 59 83 1190 1180 • 0 1.7 
38lt. 9 7 2 ,. H2 59 83 1191 llCl 1.7 1.7 .) 
38( .. () 7 2 5 142 59 ED 1192 l.Hl /. J..7 1..7 
307.0 7 2 5 14 2 59 83 1192 11&3 • 0 1.7 
3GS.O 7 2 5 142 59 83 1193 11G4 1.7 1..7 
339.0 7 2 5 142 59 0'1 119 /; 118(J 1.7 3.4 V..J 
390.0 7 2 5 143 59 84 1195 1Hl7 1.7 J.. i' 
391. 1 7 2 5 14 3 59 £4 1196 J.lS:.l 1. 7 3.4 
392.1 7 2 5 143 59 e'• 119(, :.190 • 0 E p--4 1.7 393.1 7 ..., 5 143 59 £:'• 119 7 119 2 l.i J I .... • '+ 
39 '•. 1 7 2 5 143 59 84 119 (j 119/i J • 7 3.4 
39.':.2 7 2 5 J.l+3 59 8l: 1199 119G 1.7 3.4 
396.2 7 2 5 143 59 84 1201 1197 :; • L, 1.7 
397.2 ~ 2 5 143 60 f3 121)1 1199 . 0 3. !:, i 
398.~ 7 2 .) 14 j 60 (i_j lt0.) l2()l. .. l • 'i J.i. 
399.3 7 2 5 14 3 60 83 120Lt 1203 1.7 3. L; 
400.3 7 2 5 143 60 t~J 1205 1201, 1.7 1.7 
401.3 7 2 5 14.3 60 f-3 12 0 6 120 6 1.7 3.4 
'~02.3 7 2 5 143 60 83 1206 1208 . 0 3.4 
403.4 7 2 5 143 60 83 120 7 12 09 1..7 1.7 
40!!,4 7 2 5 14 3 60 e3 12 0 () 1211 1.7 3.4 
ltCJ5.4 7 ') 5 14 3 60 83 1210 1213 3.4 3.4 ... 
It 0 6. L, 7 2 5 143 60 83 1211 1214 1.7 1.7 
407.5 7 2 5 143 GO 83 1211 1214 .• 0 • 0 
40G.5 7 2 5 143 60 83 1211 12l.'t . 0 .o 
'•09.5 7 2 5 143 60 P.-3 1211 12 1 '* .o .o 
410.5 7 2 5 14 3 60 83 1211 12 J.!l .o .o 
ltll. 5 7 2 5 143 60 83 1211 1214 .o • 0 
412.6 7 2 5 143 60 83 1211 121/1 .c .o 
ltl3. 6 7 ..., 5 1lt 3 60 83 1211 1214 .o .o ... 
4llt. 6 7 2 5 14 3 60 83 1211 1214 .o .o 
415.6 7 2 5 143 60 83 1211 1214 .o .o 
/.;]. 6 • 7 7 2 5 14 3 GO 83 1211 12.14 .o .o 
L; 1 7, 7 7 2 5 143 60 03 1211 1214 • 0 • 0 
/118.7 7 2 5 14 3 60 83 1211 12llf .o .o 
ftl'3.7 7 2 5 14 3 60 83 1211 1214 • 0 .o 
l;20. 8 7 2 5 lll3 60 83 1211 1214 • 0 .o 
421.8 7 2 5 14 3 60 83 1211 1214 .o .o 
422.8 7 2 ,. 1'•3 60 [,3 1211 J.2llt • 0 .o _) 
423.8 7 2 5 143 60 83 1211 1.214 • 0 . \) 
4 2lf. 9 7 2 5 14 3 60 83 1211 121ft • 0 .o 
'·25. 9 7 2 5 J.ld 60 83 1211 1214 .o • 0 
426.9 7 2 5 143 60 f·3 1211 12 lit • 0 .o 
427.9 ., ..., 5 143 60 83 1211 1.21~ .o .o I ... 
l,2Y.O 7 2 5 14 3 60 83 1211 1214 .0 • 0 
430.0 7 2 5 143 60 83 1211 1214 • 0 . 0 
TlH]~ P-l- R- TO'J.'AL D+ 
., TOTAL ORF OLR SPEED-RF SPEED- Ll 
" . 
.l>-
SEC• Ci~ 'i.'S c r; 1' s H Ch'TS CNTS CNTS B CNTS CNTS Cl~TS Ul /li H. · l-:~1 I 1. R • 
/! 31.0 7 'l :; 14 3 60 H3 1.2 1 J 121/l • 0 • 0 ... 
'~ 32.0 7 ') 5 143 GO [33 1211 1214 • 0 • n ... 
/!33.L) 7 ') 5 1'• 3 60 8 3 12 1 J. 121/1 .o • 0 "-
/t3'•·1 
., 5 143 GO BJ 12 J.l 12111 .o • 0 I 
·-
435.1 _, 2 5 1/13 60 £3 1211 121/1 • D • 0 
' 436.1 7 2 5 143 60 83 1211 1214 :0 . 0 
1:37.1 7 2 5 14 3 GO 83 1211 121 t. .o ., 0 
!.3C:.2 l 2. 5 14 J 60 83 1211 1214 • 0 • 0 
'·39.2 7 2 5 14 3 60 83 1211 121/1 . 0 • 0 
440.2 7 2 5 111 :$ GO 83 1211 12111 .o . o 
4 L!l, 2 7 " 5 14-3 60 t\3 1211 1214 .o . 0 ... 
l;/.,2.3 7 2 5 14 3 60 CJ 1211 1214 .o . 0 
4/;3,3 7 2 5 14 3 60 83 1211 121ll .o ' 0 
444.3 7 2 5 1'·3 60 ~3 1211 1214 . 0 . 0 
445.3 7 ,, 5 14 3 60 D3 1211 121'• • 0 . 0 ... 
L1li 6. 4 7 2 5 143 GO 83 1211 1214 .0 • 0 
l:,L;},4 7 ') 5 14 3 60 [;3 1211 1214 .o • 0 .... 
4 !; L. !I 7 2 5 14 3 60 83 1211 1214 .o • L 
4119. lt 7 2 r· 14 3 60 83 1211 1214 • 0 • 0 :; 
450.5 7 2 5 14 3 60 83 1211 12 1 4 • 0 • 0 
l; 51. 5 7 2 5 1'•3 60 83 1211 1214 • 0 • 0 
4 5/ . • 5 7 2 5 143 60 8 3 1211 1'214 • 0 . 0 
45J. S 7 2 5 1 ·'• 3 60 83 1211 1Z14 • 0 .o 
L,5!,,5 7 2 5 143 60 83 1211 12 1 /1 .o . 6 
Lt S 5. G 7 2 5 1/13 60 83 1211 1214 . () • 0 
lt.J 6.6 7 2 5 143 60 ~3 1211 121/i • 0 • 0 
/~57.6 7 2 5 14 3 60 83 1211 ]_ 21'· • 0 • 0 
1: 5 G. 6 '7 ., " lid 60 23 1211 12.lll • 0 . () I .. .J 
t, ) ') • i I L -- 60 03 
., ,., .... ., "' .. , (\ n 
J J_ •• .) .l..t:..LJ. ..LL J..~ • v . . _,
460.7 7 2 r: 1113 60 83 1211 1214 .0 .o J 
1•61.7 7 2 5 14 3 60 f:3 1211 1214 • 0 • 0 
462.7 7 2 5 14 3 60 83 12ll. 1214 • 0 .o 
4 6 3. ~) 7 2 5 14 3 60 [.3 1211 121 !, • 0 • 0 
t,64. [;. 7 2 5 143 60 [;3 1211 1.214 .o • 0 
465.0 7 2 5 14 3 60 83 1211 121!1 .o . () 
l; 66. 8 7 2 5 14 3 60 D3 1211 1214 • 0 • 0 
!167.9 7 2 5 143 60 83 1211 1 2 1/1 • 0 • 0 
46~.9 7 2 5 14 3 60 [.3 1211 121/1 • 0 .o 
4 6 9. ;l 7 2 5 14 3 60 83 1211 121ft • 0 .0 
'•70.9 7 2 5 lid 60 83 1211 1214 • 0 .o 
4 71. 0 7 2 5 11-13 60 83 1211 l21l; . 0 .o 
473.0 7 2 5 14 3 60 83 1211 1214 . o . 0 
4 74. 0 7 2 5 143 60 " "' 1211 1214 .o .u u.:> 
!175.0 7 2 5 14 3 60 33 1211 1214 • 0 .o 
lt76.0 7 2 5 143 60 83 1211 1214 • 0 .o 
'• 7 7 • 1 7 2 5 143 60 83 1211 1214 • 0 • 0 
478.1 7 2 5 143 60 83 1211 1214 • 0 . 0 
l, 7 9. 1 7 2 5 1'•3 60 83 1211 1214 • 0 .o 
480.1 7 2 5 143 60 83 1211 1214 . 0 . 0 
I, [;l. 2 7 2 5 143 60 83 1.211 1214 . 0 . 0 
ld) 2. 2 7 2 5 14 3 60 83 1211 1214 . 0 .o 
483.2 7 2 5 143 60 83 1211 1214 .o .o 
404.2 7 2 5 143 60 C3 1211 12ll1 .o . 0 
,, [; 5 • 3 7 2 5 ll•3 60 83 1211 1214 • 0 .o 
486. 3 7 2 5 14 3 60 83 1211 1214 • 0 • 0 
4 3 7. 3 7 2 5 14 3 60 ~3 1211 12 ll1 . 0 .o 
l1Hb. 3 7 2 5 143 60 83 1 ~~ 11 1 :..: 1 ,, • 0 .o 
4 89. 4 7 2 
,. i4 3 60 B3 1211 1 .2 1/1 • 0 .o ..) 
4;) 0. l1 7 2 5 143 60 G3 12 11 1 2 1'' . 0 .o 
491.4 7 2 5 14 3 60 83 1211 1214 • 0 .o 
TH!L R+ R- TOTAL Jj+ n- TOTAL ORF IJLR SPJ:l~D-R.F :;PEE D- I 
SEC• cas c:<TS R CNTS CNTS CNTS B ChTS CNTS CN TS LH/LF• U!/ !J l{• 
L!92.L; 7 2 5 ll• 3 60 S 3 1211 1 2 1 t, . 0 . 0 
4 9 3. L; 7 2 ,- 14 3 60 83 1211 1214 • 0 • 0 .:.> 
4 9 ,, . .) 7 2 5 143 60 83 1 21 1 12 14 .o .0 
1;95.5 7 2 5 1113 60 83 121 ]_ 1214 • 0 . 0 
496.5 7 2 5 143 60 83 J2ll 121ft . 0 . 0 
497.5 7 2 5 14 3 60 83 l21J l214 .0 • 0 
1,98. 6 7 2 5 1113 60 83 1211 121/1 . 0 • 0 
L~99.G 7 2 5 143 GO (':I 1211 1214 . 0 • 0 ,.J 
500.6 7 2 5 14 3 60 83 1211 121/1 .o • 0 
501. 6 7 2 5 143 60 83 1211 1L14 . 0 . 0 
5 02. 7 7 2 5 1l! 3 60 83 1211 121 !, . 0 • 0 
503.7 ., 2 r· 143 60 8 3 1211 1214 . 0 . o I .:.> 
504.7 7 2 5 )_/. 3 60 [, 3 1211 1214 .o .o 
5 0 5.7 7 " 5 14 3 60 E~ 3 1211 12 ]_ 4 . 0 . 0 -
506.8 7 2 5 143 60 83 1 21 1 1 2 14 . 0 . 0 
507.0 7 2 5 Jli3 60 03 l2l.1 1214 . 0 • 0 
508.8 7 2 5 1it3 60 133 1211 1214 . 0 • 0 
509.8 7 2 5 1113 GO r.3 1211 12 14 . 0 . o 
510.9 7 2 5 143 60 (;3 1211 12 14 • 0 • 0 
511. 9 7 2 5 14 3 60 [;3 1211 1214 . 0 . 0 
512.9 7 2 5 14 3 60 83 D11 121. /1 . 0 . 0 
513.9 7 2 5 143 60 B3 1211 1214 . 0 .0 
514.9 7 2 5 143 60 83 1211 1214 • 0 . 0 
51G.O 7 2 5 1113 60 b3 1211 1. 2 1/1 . 0 . 0 
517. 0 7 2 5 14 3 60 83 1211 .. 1214 .o • 0 
518.0 7 2 5 143 60 83 12 l.J. 1214 . 0 • 0 
519.0 7 2 .) 143 60 1:;3 1211 1214 .o .o 
520.1 7 2 5 143 60 83 121.1. 1214 • 0 • 0 
r ... , , , ..., 
" 
~ 1 /. '} 60 L -~ 1 2 l --~ J. :iJ.f-. r !J. ~ ' 
..) ·- ..L • ..&.. I ~ ..... ..- ·' . 
' . 4 
522.1 7 2 5 143 60 83 1215 1217 J. 4 1.7 
52J.1 "7 2 5 1411 61 83 12 21 1223 10. 3 10. 3 
52!;.2 7 2 5 141+ 62 82 12 24 122 7 5. 1 6.8 
525.2 7 2 5 144 62 82 1227 1 2 31 5. 1 6. 8 
526.2 7 2 5 144 62 82 1229 12 33 3.4 3.4 
527.2 7 2 5 144 62 L2 12 30 1 2 36 1.7 5.1 
528.3 7 2 5 144 62. 82 12 33 12 38 5. 1 3;4 
529.3 7 2 5 1 ,,,. 63 81 1236 1243 5 . 1 8 .6 
530.3 7 2 5 145 63 82 1242 1249 10. 3 10. 3 
531. J 7 2 r· 145 63 82 J.2llll 125 2 ~ . 4 ~. 1 .:.> 
5 32.4 7 2 5 145 63 82 12 4 7 12 55 5. 1 5. 1 
533.4 7 2 5 145 63 82 1253 1 2 60 10.3 8. G 
53'· ·'' 7 2 5 145 63 82 1257 1 2 65 G. 8 3 .6 
535.4 7 2 5 11+5 63 82 1261 12 6 9 G. 8 G. 8 
536.4 7 2 5 14(> 64 S2 1266 1 2 74 L.6 8.6 
537.5 7 2 5 146 64 82 1 2 71 12/9 [) . 6 3.6 
530.5 7 2 5 146 64 B2 12 7 7 1 28 5 10. 3 10.3 
539. 5 7 2 5 146 64 82 12 82 1290 8 .6 8 . 6 
540.5 7 " 5 147 64 0 3 1291 1297 Li.S 12 .0 -
541.G 7 2 5 1lf 7 65 £2 12 9 b 1302 b.6 [; . 6 
5112. 6 s 2 6 147 65 82 1300 1306 G. 8 G. 3 
5 L13. G 8 2 6 148 65 83 1304 1309 (>. 8 5. 1 
544.6 8 2 6 148 65 83 1308 1313 () . 8 6. s 
5115. 7 8 2 6 149 65 84 1312 1317 C.8 G. 8 
546.7 8 2 6 149 67 8 2 1316 1321 G. 8 6.8 
547 .7 8 2 6 149 67 82 1321 1325 8 .6 6 " • u 
54 8 .7 8 2 6 150 67 83 132C 1330 [} . 6 8. 6 
5119. 8 8 2 6 150 67 83 1331 1334 ~.6 6.8 
550.3 8 2 G 151 67 84 1336 1339 0.6 8.6 
551.8 8 2 6 151 68 83 1342 1345 10. 3 10. 3 
552.8 8 2 6 151 68 8 3 13l!8 1351 10.3 10.3 
1rm: R+ n.- TOTAL D+ B- TOTAL 0!'-f OLR SPEED-T\F S PEl: D- L 
SEC> errs CNTS ll cas ClJTS Cl:l'S D C~TS CNTS C:N'l'S :~1· 1 I L R • iGl/LI\· 
553.8 8 2. 6 151 68 eJ 1353 Ll:i 7 3~6 10. 3 
554.9 0 2 6 151 68 33 1359 1362 10. 3 8 .(. .... 
555.9 8 2 6 152 68 B4 136/i Jj6 8 E.6 10.3 
556.9 8 2 6 152 69 83 13 71 13 7 t. 12.0 10. 3 
557.9 8 2 G 152 (l9 CJ 1377 1380 10. 3 10.3 
559.0 8 2 r 15 3 69 84 1 j ~; 3 13[)6 10. 3 10. 3 u 
5(,0.0 8 2. 6 15 3 70 8 ., LH.l9 1:>92 10,3 1(1. 3 ..) 
.)61.0 8 2 6 154 70 8ll l39G 13~J 8 12 . 0 10. 3 
562.0 8 2 6 154 71 83 14 01 11, 04 0. {i lO. J 
563.1 8 2 6 155 71 84 1409 J411 lJ. 7 12.0 
564.1 8 2 6 155 73 82 Jl•lll 1416 8.6 ~L I) 
5 (,5. 1 8 2 6 156 73 1.33 1'•19 14 21 3.6 8.6 
566.1 8 2 6 15 6 73 83 1LI2 /1 14 26 8. 6 8.6 
567.2 s 2 6 156 73 83 11..30 1'1 30 1 (' '" 6. 8 \) " j 
56L.2 8 2 6 15 7 '/4 R3 14 36 ]l i 36 10. 3 10.3 
569.2 8 2 6 15 7 75 8/.. 11141 14 41 6. 6 V. 6 
570.2 8 2 6 .15 7 75 82 14 45 1447 6. s l0.3 
5 71. 3 8 " 6 15 7 75 82 1450 1ft 51 0.6 6. 8 L.. 
572.3 8 2 6 15 7 75 H2 l/.15 5 JJ. :> 7 8. 6 10 . 3 
573.3 8 2 G 15 7 75 H2 1459 1462. Ci • 8 (1.6 
574.3 8 2 6 15 7 75 82 1465 1467 10.3 [;. 6 
575.J 8 2 6 15 7 75 82 1470 14 7 3 [.,6 10. 3 
57 6. ,, 8 2 6 157 75 82 lit 7 6 J./1 '7 9 10.3 10.3 
577.4 8 2 6 157 75 82 1481 1'' e 5 8. 6 10. ·3 
578.4 8 2 6 15 7 75 82 1/18 7 1!191 10. 3 1U.3 
57 9. l, 8 2 G 15 7 15 B2 ll19 2 1497 B.6 10. 3 
5 80. 5 8 2 G 15 7 75 82 ll• 9 8 1502 10,3 8. G 
581.5 8 2 6 15 7 75 82 1503 1507 8. 6 8. G 
5 22. 5 B 2 6 15 7 "'I: 82 1508 151J 8.6 10. :;. I .J 
)tJJ.j 8 L. b L> I 'fj t2 1514 J.jl~ 1 (). 3 i.l.6 
58lJ,6 9 2 7 15 7 75 82 1519 1524 [). (, 10. 3 
585.6 9 2 7 15 7 75 82 152 5 1530 10.3 10. 3 
5 86. (, 9 2 7 15 7 75 82 1531 1536 10 • 3 10. :~ 
5 & 7. 6 9 2 7 15 7 75 82 153 7 1542 10. 3 10. J 
58B.7 9 2 7 15 7 75 82 154J 15/.9 10.3 12.0 
5 89. 7 9 2 7 15 7 75 82 1549 1555 10. 3 10. 3 
590.7 9 2 7 15 7 75 82 1555 1561 10' 3 10. 3 
591. 7 9 2 l 157 75 82 1561 1567 10. 3 10. 3 
592.8 9 2 7 15 7 75 82 15 6 7 15 7 !+ 10.3 12.0 
593.8 9 2 7' 158 75 83 1573 1580 10.3 10. 3 
594.8 9 2 7 15 8 75 83 1579 15 86 10.3 10. 3 
595.8 9 2 7 15 8 75 83 1535 1592 10. 3 10. 3 
59G.G 9 2 7 15 8 76 82 1591 159 7 10.3 8. 6 
597.9 9 2 7 159 76 83 159 7 1602 10. 3 fi.6 
598.9 9 2 7 159 76 83 1607 1612 17. 2 17.2 
599.9 9 2 7 159 76 83 1613 1618 10. 3 10. 3 
600.9 9 2 7 159 76 83 1619 162'• 10. 3 10.3 
602.0 9 2 7 159 76 83 1622 1629 5. 1 8.6 
603.0 9 2 7 159 76 83 1626 .16 3 3 6. 8 6. 8 
604.0 9 2 7 159 76 83 1631 1638 s. 6 2.6 
605.0 9 2 7 159 76 83 16 36 1643 8.6 8.6 
606.1 9 2 7 159 76 83 16/+1 1649 8.6 10.3 
607.1 9 2 7 159 76 83 1647 1655 10.3 10. 3 
60£.1 9 2 7 159 76 83 1653 1660 10. 3 [;. 6 
609.1 9 2 7 159 76 83 1659 lG 6 7 10.3 12.0 
610.2 9 2 7 159 76 83 1665 16 7 3 10.3 10.3 
611. 2 9 2 7 15 9 76 83 16 71 1679 10.3 10. 3 
612.2 9 2 7 15 9 76 83 1677 1685 10.3 10.3 
613.2 9 2 7 159 76 83 16 82 1691 8.6 10.3 









6 21. L; 








6 30. 6 
631.7 
6 32. 7 
6 33. 7 
6 34. 7 
6 35. 7 
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TI}fL R+ R- TOTAL lH n- TOTAL ORF OLR ~; Pi·: E D- l\ F s l'Er: JJ - i . 
SEC· c· r•. (' crn·s f; C!~TS CNTS CNTS n CNTS CNTS CNTS K:·J I J. R. ;~H /1. R • . ·, 10 
G 7 G. 7 11 2 9 16 9 [) 7 82 200 7 2024 10.3 10.::; 
6'77.7 11 2 9 1G 9 8 7 82 2013 2031 l 0. :~ 12 . (J 
678.7 11 2 9 169 8 7 82 202 0 2037 12.0 J u. 3 
6 79. 8 11 2 9 169 87 82 2025 204 3 0 . 6 10. ·~ 
c,eo. a 11 2 9 169 87 £2 2031 2048 10. 3 ~ - 6 
601.8 11 2 9 16 9 87 82 203 ., 2 0 5 !1 J 0 . :; l U. 3 
682.8 11 2 9 Hi9 S7 82 2042 205:1 C.6 0.6 
6 8 3.9 ll 2 9 169 t: 7 8 2 2 ot. a 2065 10.3 J 0. ?· 
684.9 ll 2 9 H>9 8 7 82 205ll 20 71 10. 3 l 0 t ~l, 
685.9 11 2 9 16 9 87 82. 2060 2077 10.3 10. :-; 
686.9 11 2 9 16 9 07 8 2 2 0 6 5 zocn G. 6 10. 3 
6 8~; . 0 ll 2 9 169 87 82 2071 2088 10.3 (~. 6 
6 8 9. 0 11 2 (' 16 9 D7 82 2076 2094 C. 6 10 . 3 ';) 
690. 0 11 2 9 169 87 82 2081 2100 f,. 6 
"' ,., "") J.v (' ~ 
6S' l.O 11 2 9 H> 9 87 82 20C6 2105 [) . 6 8. 6 
692.1 11 ..., 9 16 9 87 82 2091 21 11 8.6 10.3 ... 
693.1 11 2 9 170 £7 83 2097 2116 J0.3 3 . G 
6 :; 4. l 11 2 9 170 £;8 82 21 02 21 2 1 3 .& g.c 
695.1 11 2 9 171 88 83 2103 212 7 10. 3 :l.O . 3 
6 96 .2 11. 2 9 1 71 89 82 2113 2133 [,.6 1:"). 3 
6 9 7. 2 11 2 9 172 89 83 2119 21 38 10.3 8.6 
(,~)8,2 11 2 9 172 90 82 2124 2143 .S.6 R.6 
699.2 11 2 9 172 90 £2 2129 214 8 f . 6 8. 6 
700. 2 11 2 9 172 90 82 2134 21 5/! 8 .6 10.~ 
701. 3 11 .., 9 172 90 82 2140 2160 l 0. 3 10.3 L. 
702.3 11 2 9 172 90 f.2 21/16 2165 10.3 3.6 
703.3 1 1 2 9 173 90 S3 2153 2172 12. 0 ' .., (\ .l.'"". ~ 
704.3 11 2 9 173 91 82 21.)9 2179 1l). 3 12.0 
/(15.4 11 2 9 17/1 91 83 2166 21 86 12.0 12.0 
/0G . 4 12 L. 10 174 91 ~;J .2 172. 2i92 j,_ u • ..) l (j. j 
707.4 12 2 10 174 91 83 2178 21 99 10.3 17.. 0 
7 'J 0. !; 1 2 2 10 174 91 83 2184 2205 10.3 10 . 2 
709.5 12 2 10 174 92 82 2190 2211 10. 3 J 0. 3 
710.5 12 2 10 175 92 83 2196 221 7 10.3 10. 3 
711.5 12 2 10 175 93 82 2202 222 3 10.3 1U.3 
7J. 2.5 12 2 10 175 93 82 2 208 222 8 10. 3 8.6 
713.6 12 2 10 176 93 83 2213 2233 8.6 g ,6 
714.6 12 2 10 176 94 82 2217 2 238 6. 8 0 .G 
715.6 1:L 2 10 177 94 83 2221 2243 6. 8 8 .6 
716,(> 12 2 10 17 7 94 S3 2225 2 2/17 6.8 6.8 
717.6 12 2 10 177 94 83 2229 2251 G. 8 6. e 
7lfl.7 12 2 10 177 94 
,...., 22 32 2255 r ' G. 8 v~ .J • .1. 
719.7 1::'. 2 10 177 94 83 22 36 2259 G. 3 6.t 
720.7 12 2 10 177 94 83 22 39 2262 5. 1 5. 1 
721. 7 1 2 2 10 177 94 83 2242 2265 5. 1 5. 1 
722.8 12 2 10 177 94 83 2246 2269 G.8 G. G 
723.8 12 2 10 177 94 83 2251 2275 8 .6 10.3 
7 2 L;, 8 12 2 10 177 94 83 2256 2280 0,6 8.6 
725.8 12 2 10 178 94 84 2261 2284 t.6 6. 8 
726.9 12 2 10 178 95 83 2266 2289 3.6 8.6 
7 2 7. 9 12 2 10 178 95 83 2274 2295 13 . 7 10.3 
728.9 1 2 2 10 178 95 83 2278 23 0 0 6 . 8 L.6 
729.9 12 2 10 178 95 83 22 85 2 306 12.0 10. 3 
731.0 12 2 10 178 95 83 22 89 2310 6.8 6. 8 
732.0 12 2 10 178 95 83 2294 2315 2.6 3 . 6 
733.0 12 2 10 178 95 83 2299 2320 3.6 8.6 
734.0 12 2 10 179 96 83 2304 2325 8.6 8.6 
7 35. 1 12 2 10 179 96 83 2310 2330 J. 0. 3 8. 6 
736.1 1 2 2 10 179 96 83 2315 2336 8.6 10.3 
737.1 12 2 1 0 179 96 83 2321 2 3!; 2 10.3 l 0. 3 
1 
TIHE R+ R- TOTAL 13+ n- TOTAL ORF OLR SPEED-llF SPEED-J 
SEC• Ci• TS Cli'l'S R UiTS C.NTS CNTS I3 CNTS Ci'\TS C!n'S KH/l!R• Kl-1/ i ~ R • 
738.1 12 
,.., 10 179 96 B3 2~26 2 3'• 8 [;.6 1.0. 3 
"-
739.1 12 2 10 179 96 S3 23:.-13 2354 12.0 l ;) • 3 
740.2 12 2 10 179 96 83 2339 2360 10.3 1 'J. 3 
7/•l. 2 12 , 10 179 96 33 2 j '·/~ 2366 [.6 10. 3 L. 
7112.'2 1/. 2 10 179 97 82 2J50 '1 3 72. 10. 3 10. 3 
71.3.2 12 2 10 179 97 82 :D56 2378 10.3 10. 3 
7 41;. 3 12 2 10 179 97 82 2361 2 J 8 t. 0.6 10. 3 
7/~5.3 12 2 10 180 97 83 2367 2.391 10.3 12.0 
746.3 12 2 10 J &0 98 82 2 372 2396 8. 6 D.6 
7/fl. 3 12 2 10 181 98 83 2377 2401 0.6 0. 6 
74[;.4 12 2 10 131 98 03 2381 2!1 0 5 (; • 8 6. 0 
749.4 12 2 1.0 181 98 83 2 385 :J~ 09 (\. 8 6. ~ 
7 50. 4 13 2 11 181 99 82 2389 2ldL! (;. 8 s. 6 
751./~ 13 2 11 182 99 B3 ,., ...... 0 ' · 2 'I J. 7 E$.6 5. 1 LJ~~• 
752.5 13 ' > 11 182 99 83 2397 74 21 5. 1 G. e L. 
753.5 13 2 11 132 100 82 2 '• 0/! /.426 12.0 e. 6 
7511.5 13 2 11 183 100 l3 2'~ 0 8 2 t. 2 9 6. 8 5 • }. 
755.5 13 2 11 183 100 03 2/t 13 21133 G.6 6.8 
756.6 13 2 ]_]. 183 101 £.2 2417 24 38 G. 8 8.6 
757.6 l ,, 2. 11 183 101 5 2 2421 2L!43 G. 8 8.6 . ..) 
758.6 13 2 11 183 101 B2 2 '• 2. 6 2448 8.6 3 .6 
759.G 13 2 11 183 101 82 2lf30 2 ,, 52 I) • 8 6; 8 
7 (:0. c 13 2 11 183 101 82 2435 2457 8. 6 s. 6 
7 61. 7 1J 2 11 183 101 C"•'"l 2 (\ 4 0 21~ 6 2 0.6 8.6 U"-
762. 7 13 2 11 183 101 82 2445 2116 7 H.6 8.6 
763.7 13 2 Jl 183 101 82 ?450 21; 7 2 0.6 8. 6 
7 6 4. 7 13 2 11 183 101 82 2456 211 7 f, 10. 3 10. 3 
765.f: 13 2 11 183 101 82 21· 60 2 'f 33 G. 8 8.6 
7 (; r . . o 1 ') ., 1 1 lLJ 101 (\f) 24G5 :~ /; 3 7 ~ ,. t. ~ L . (J L. t}. 0 
n 7. 8 lJ 2 11 .l.S3 101 82 2/170 21!9 3 e.G 10.3 
76£.f; 13 2 11 183 101 82 2/17 5 2 It 9 8 n.6 £.6 
769.9 13 2 11 183 101 82 2481 2503 10.3 8.6 
770.9 13 2 11 183 102 81 24 85 2508 6. 8 8.6 
7 71. 9 13 2 11 18ft 102 e2 2490 2513 8.6 e.G 
772.9 13 ') 11 184 103 81 2119 5 2517 8.6 6.8 ..... 
7 74.0 13 2 11 18ft 103 81 2501 252 3 10. 3 10. J 
775.0 13 2 11 185 103 82 2506 2528 8,6 8.6 
776.0 13 2 11 185 10 3 82 2511 2533 0 .. 6 3.6 
7 77.0 13 2 11 185 10 3 82 2516 2538 8.6 8.6 
778.1 13 2 11 185 104 81 2522 2544 10,3 10. 3 
i' 79.1 13 2 11 185 104 81 2527 2549 b.(i 3,6 
780.1 13 2 11 185 104 81 2532 2555 n.G 10. 3 
7 81.1 13 2 11 185 lOt• 81 2537 2561 8.6 10.3 
1n2.1 13 2 11 185 104 81 2542 2566 8.6 8. 6 
783.2 13 2 11 18.5 104 81 2547 2571 G.6 8.6 
7 84. 2 13 2 11 185 104 81 2552 2576 8.6 8.6 
785.2 13 2 11 185 104 81 2558 2582 10. 3 10,3 
786.2 13 2 11 185 104 81 2563 2587 8.6 8.6 
7fi7.3 13 2 11 185 104 81 2569 2593 10. 3 10. 3 
788.3 13 2 11 185 104 81 2575 2599 10. 3 10. 3 
789.3 13 2 11 185 104 81 2580 2605 8.6 10. 3 
790.3 13 2 11 185 104 81 25 86 2611 10. 3 10. 3 
791.4 13 2 11 185 104 81 2592 2617 10.3 10.3 
792.4 13 .., 11 185 104 81 2598 262 3 10.3 10.3 L. 
7 9 3. !f 13 2 11 185 104 81 2604 2630 10. 3 12.0 
791 •• 1. 13 2 11 185 104 81 2610 2636 10.3 10.3 
795.5 13 2 11 185 104 81 2616 2642 10. 3 10. 3 
796.5 14 2 12 185 lOft "1 2622 2 6/1 B 10.3 10.3 o-
797.5 14 2 12 185 104 Sl 2628 2653 10.3 8.6 
798.5 14 2 12 185 104 81 263ft 2659 10. 3 .10.3 
'i'I:E~ R+ ll-- TOTAL lH n- TOTAL ORF OLR SPEED- r: r SPE E D- l. 
SEC· CJ.iT~; (:j 1'::) R ChT~> cwrs CNTS f, Cl~TS Ct\TS C~ TS LJ.!/ J. f(• ]~H/ Jd< • 
799.5 1 4 7. 12 1 85 104 G1 2 (j !, 0 2 6 6/t 10.3 L.C 
800. 6 1 L; 2 12 1 85 104 S1 2 6 '' G 2 (>70 10. 3 10. 3 
801. G 14 ') 12 185 104 Sl 2G5J 26 76 ~L 6 10 . 3 ~ 
802.6 1 4 2 12 185 104 D1 2 65f\ 2 68 3 12.0 1:: . 0 
803.6 14 2 12 1D5 104 81 7 663 2CC0 D.G 8 .6 
80ft. 7 14 2 12 185 10/; i.\1 26(,8 2 69 3 H.G 2 . 6 
805. i' 14 2 12 185 10/+ rj l '). 6/3 2 (J 9 8 g . G B. 6 
806.7 ] ,L, 2 12 185 10 ,, 01 2678 2i' OI+ f, ,(i 10. 3 
80 7. 7 14 2 12 135 1011 E: 1 26 B4 2710 10 . 3 10. 3 
80 E. 8 1Li 2 12 185 101; 81 2690 2716 10.3 10. 3 
809. t 1 !, 2 1.2 185 104 81 2695 2722 g.o 10. J 
s 1.0. s 14 2 12 185 10/+ t:l 2701 2 7 2 f.\ 10 • . 3 10. 3 
811. 8 14 2 12 HiS 104 8 1 2707 2733 10. 3 G.6 
81.2 . 9 J.l+ 2 12 185 1 0/+ 81 2713 2739 10.3 10. 3 
813.9 14 2 12 185 104 El 7'719 2 7 t, 5 10.3 10 . 3 
814.9 14 2 12 185 104 81 2 725 
') , "; ,  .... J 0. 3 12 .0 ~o . I . ; .:-
81).9 111 2 12 185 104 81 2731 2. '/:) 3 10.3 10. 3 
817.0 1 L, 2 12 185 104 81 2737 2 7 (J 4 10.3 10.3 
810.0 J.lJ 2 12 18-5 101, 81 2743 2 7 70 :t 0. 3 10. 3 
819.0 1/+ 2 12 185 10/+ 8 1 2 71•9 2n6 10.3 10. 3 
82.0.0 14 2 12 185 104 Dl 2755 27 b 0 10.3 6 ,, • 0 
821.0 ] t, 2 12 185 10/f 01 2761 2785 10.3 8 . 6 
822.1 14 2 12 185 104 81 2766 2701 <L G 10. 3 
f>2 3. 1 1 !, 2 12 185 J.04 ( • , 2772 219/ 1 (j • 3 10 • .) u.l. 
82!1. 1 ll, 2 12 1.85 104 81 217'1 2 !.302 L.6 8. 6 
8 25.1 lll " 12 H/5 105 80 2733 2(;0f, 10. 3 10. 3 -
82G.2 14 2 12 1.86 105 81 2 7 59 2 f> ],t, 11.). 3 10. 3 
g ;~ 7. 2 )l; 2 12 186 106 bO 2'795 2<$21 10.3 12.0 
, , " r. ., 
' I 
" 
"'! ,, , (.) r.. lUf.; ~: u ::~ ~) (' 2 ~~ ~ ~ ? g ]! t, 1 ') . " VLU.L .J.. '-t .... ... ... ..LVV 
829.2 1.4 2 12 186 106 80 2808 2 n JLi J.O.J 10. :I 
8 30. 3 14 2 12 186 106 80 2 81/-1 2~41 10.3 1 ) " ~ • v 
3 31. 3 14 2 12 186 106 ~0 2tl20 2 ;,) I, 7 10.3 1 0 . 3 
832. 3 14 2 12 186 106 so 2827 2 (')5 ,, 12.0 u. (J 
833.3 14 2 12 186 106 [;,0 2833 2860 10.3 10.3 
8 34. Lt 15 2 13 186 106 00 2838 2 (; 6 (> (),6 10. 3 
835.11 15 2 13 1S6 106 80 2844 2872 10.3 10.3 
836.4 15 2 13 186 106 80 2849 2 8 78 8.6 10. 3 
837.4 15 2 13 186 106 3 0 2855 2883 10.3 e.6 
83E. 5 15 2 13 1.86 106 so 2860 2 890 G.6 12.0 
839.5 ] r. 2 13 186 106 80 2866 2896 10.3 10. 3 
·-' 
840.5 15 2 13 186 106 80 2872 2903 10.3 12. 0 
841. 5 15 2 13 187 106 81 2878 290U 1.0.3 8. 6 
842.5 15 2 13 187 106 81 2883 2915 0.6 12.0 
84 3. 6 15 2 13 187 106 81 2890 2920 12.0 
r. , 
v .o 
841t.6 15 2 13 187 106 81 2894 2924 (>. 8 6. 8 
845.6 15 2 13 187 106 81 2898 2927 G. 8 5.1 
81,6.6 15 2 13 187 106 81 2904 2931 10.3 6. 8 
84 7. 7 15 2 13 187 10 6 81 2908 2 9 3/1 6.8 5. 1 
848.7 15 2 13 187 J.O 6 81 2912 2938 6.8 6. 8 
849.7 15 2 13 187 106 81 2915 2 9 L,1 5.1 5. 1 
850.7 15 2 13 187 106 81 2918 2 9 4/1 5.1 5. 1 
851. s l.J 2 13 187 106 81 2920 2 9/f 7 3.4 5.1 
852.8 15 2 13 187 106 81 2923 291,') 5. 1 3. 4 
853.8 15 2 13 J.tjf 106 C1 2926 2952 5.1 5. 1 
854. 8 15 2 13 l 8 7 106 01 2929 2956 5. 1 G. 8 
855.9 15 2 13 187 lOG 81 29 32 2959 5.1 5.1 
856.9 15 2 13 187 10 7 GO 2938 2963 l 0. 3 
, f) 
u. (; 
857.9 15 2 13 1 "' " 107 81 2. 9/+1 2967 5.1 G. 8 0 (.} 
850.9 15 2 13 J g f 108 80 ?.945 2971 6.8 6 n • 0 
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THlE R+ n TOTAL n+ B- TOTAL ORF OLH SPEED-Rf SPEElJ- i.. . .1\.-
SEC• CI~TS r. "'.r •1•,...., R CNTS CNTS CNTS B CNTS CNTS CN T. ~; KH/l.R• l~).! / L l:• _, .. , .... ;:, 
922.4 , 7 ' > 15 194 113 81 32 79 3.107 10.3 
. -, . 
J .• /.. .i lJ • j 
923.4 17 2 15 194 113 81 32 35 33J-'~ 10.:) 12.0 
924.4 17 2 15 Ell; 113 81 32 92 3321 12.0 12.0 
925.5 17 '2 15 194 113 81 3299 3327 12.0 10. 3 
926.5 17 2 15 194 JlJ 81 3306 33 Jli 12.0 12.0 
927.) 17 2 15 191; 113 81 3313 J34l 12.0 12.0 
928.5 17 2 15 194 114 80 . 3320 3 3/~ 8 12.0 1'> r ~. u 
929.6 17 " 15 19 5 115 80 332.7 3 j 5 ~) 12.0 1 ~ r· /.. -·· L. • .J 
9 30. 6 17 2 15 19 5 115 80 3335 3362 ] 3. i 12.0 q .... . : ,. 17 2 15 19 5 115 eo 334 2 33 -; 0 12.0 } 3. 7 •• >.l.li 
932.6 17 2 15 195 115 80 3349 3377 12.0 12. 0 
9 3 J ~ 7 17 2 15 195 115 80 3356 33 81; 12.0 1? . 0 
9 Jlf. 7 17 2 15 195 115 r.o :) 3 6 3 3390 17..0 10. 3 
9 35. 7 17 2 15 195 115 80 33 6 9 33 9 7 10.3 .l2 . 0 
9 36.7 17 2 15 195 115 80 3376 Jld)/1 12.0 12.() 9:n. 0 17 2 15 195 115 80 3383 3409 12.0 " ' ;...; • \J 
93G.B l7 2 15 19.) 115 £0 3389 3!115 10.3 ] 0. J 
939.8 l ·, 2 15 195 115 80 3395 J/12 2 10.3 1.:::.o 
9 LIO. G 17 2 1.) 195 11.) [0 ~; ~~ 0 2 J!l2 8 12.0 }I). 3 
941.9 17 2 15 195 115 £0 3408 34 :-s 3 10.3 2 . 6 
91,2.9 17 2 15 19 5 115 80 3414 JI,J[i 10.3 B.G 
943.9 l 7 2 15 195 116 79 31; 19 31~ 4 3 (~ . 6 8.D 
9/;t. • 9 l7 2 15 196 117 79 '34 2 G J t, ~~ 9 12.0 ' ( ' .., J..J • . ,) 
945.9 17 2 15 196 117 79 3432 Jl;. 56 10.3 12.0 
9117.0 17 2 15 196 117 79 34 38 3462 10.3 10.3 
94S.O 1"/ 2 15 196 117 79 3 It l1S JL, 7 0 12.0 1.3. 7 
949.0 l7 2 15 196 117 79 3'• 50 J4 7 (j ~ ; . 6 10. 3 
9:;0.0 l/ 2 ~ ~ 196 117 79 34 'j 7 3!;0 3 1 ') (\ i ""'; ,-, -~..) '- • \,I J_ ,_. v 
y _') 1. l j_ I 2. 15 196 117 79 34 6 3 34SIO 10' 3 J.2. 0 
952.1 1/ 2 15 196 117 79 3470 34 96 12.0 l (j. 3 
953.1 17 2 15 19 G 117 79 3477 )503 12.0 .l2. c 
9 5 '·. 1 17 2 15 196 117 79 34 f.3 3510 10,3 .lL • (i 
955.2 17 2 15 196 117 79 34 89 3517 10.3 12.0 
956.2 17 2 15 196 117 79 3496 35/.4 12.0 12. 0 
957.2 13 'I 16 196 117 79 3502 35 30 10.3 10. 3 '-
950.2 lL 3 15 19 6 118 78 3508 35 36 10.3 10. 3 
959.3 18 3 15 196 118 78 3514 35/12 10.3 10. 3 
960.3 1 ') 3 16 196 118 78 35 21 35 '• £ 12.0 10. 3 
961. 3 19 3 16 1~6 118 78 3527 355 {I ] (\ .., 10. :. _ \,) . .; 
962.3 1 9 3 16 19 6 118 78 35 33 3561 10.3 l ~. 0 
963.3 1'.! 3 16 196 118 78 35 1~0 3568 12.0 12.0 
964.!1 19 3 16 1~6 118 78 3548 3575 13.7 12.0 
9 6 5. lt 19 3 16 196 118 78 3554 35 81 10. 3 10.3 
966,/, 19 3 16 196 118 78 3559 3588 8.6 12,Q 
9 6 7. '• lSI 3 16 196 118 78 3565 3592 10. 3 6.8 
968.5 19 3 16 196 113 78 35 7 3 3599 13. 7 12.0 
969.5 19 3 16 196 118 78 3579 3604 10.3 3.6 
9 70. 5 19 3 16 196 118 78 35 85 3611 10. 3 12.0 
9 71.5 19 3 16 196 118 78 3592 3Gl7 12,0 lU. 3 
972.6 19 3 16 196 118 78 3597 3624 8.6 12.0 
973.6 19 3 16 196 118 78 3603 3630 10. 3 10.3 
974.6 19 3 16 196 118 78 3610 3637 12.0 12.0 
975.6 19 3 16 196 118 78 3617 36l;4 12.0 12.0 
9 7 6. 7 19 3 16 196 118 78 36 2ll 3650 12.0 10.3 
977.7 19 3 16 196 118 78 3631 3657 12.0 12.0 
9 7 3. 7 19 3 16 196 118 78 3638 3665 12.0 13. 7 
97J.7 19 3 16 196 118 78 3645 36 71 12.0 10.3 
980.8 19 3 16 196 118 78 3654 3679 15.5 13. 7 
901.8 J 0 3 16 196 118 78 36(l2 36 8 () 1J.7 12.0 .... 
982.8 19 3 16 196 118 78 3668 3691 10.3 3.6 
Tli'1E R+ R- TOTAL D+ n- '~'OTAL ORF OLR S f'gE D·· ]~F S l' t: E D - } . l· 
S[C• cr:Ts CNTS R C;\TS CNTS CJTS B CNTS CNTS CN'J'S Ul/i,R• )(! l ILl~. 
9 ~\3 n 8 19 3 16 196 J.J.B 7B 3t173 J() 9 7 J .6 1.0. 3 
9lil.;. G 19 3 16 1S6 11 B 78 3673 37 02 L. 6 G.(, 
935.9 19 3 16 196 118 78 3 6 [·; 3 :) 7 0 8 ~~ • G 10. 3 
986.9 19 3 16 19G 118 i ' 8 3688 3714 
<• r 10. 3 u~ o 
~ G 7. 9 19 3 16 196 11B i' 8 3693 3 7 2 0 [. 6 1.0. 3 
988.9 1 y ".l 16 196 118 78 3698 2725 8. 6 8 .6 
"' 990.0 1') 3 16 196 1.18 78 370 4 373 1 10. 3 , n .. , . .L 1.,.. • ,;:; 
991.0 19 3 16 196 118 73 3709 3 7 :~ 7 [). 6 1 c; • 3 
992.0 1SJ ') 16 19 6 118 78 3714 3 7 I, 3 [;,6 10,3 .J 
993.0 19 3 16 196 118 78 3721 3 7 '· 9 12.0 HJ, 3 
994.1 19 3 16 196 118 78 377.7 37.56 J 0. 3 12 . Q 
995.1 1SJ " 16 196 118 7B 3733 JJ(,2 10 '· 3 JO . 3 .:> 
996.1 20 3 17 196 118 7B 3/ !, 0 3769 12.0 12 . 0 
9 9 7 . 1 20 3 17 196 118 78 3746 377( 10. 3 J 2 .0 
9 90 . 2 20 3 17 196 118 78 3752 :17D2 l 0. 3. l (). 3 
999.2 20 3 17 196 118 7& 375 7 'j72i~ ('· r:. 10. 3 {J • ,) 
1000.2 20 J 17 196 118 78 3/63 3794 l. 0. 3 j(), 3 
1001.2 20 3 17 196 118 78 3769 380 0 ] 0. J J_i.). 3 
1002.3 20 3 17 196 118 78 377'j JL06 }() . 3 J.O, 3 
1003.3 20 3 17 196 118 76 3781 J811 1 (J • 3 0 ,6 
lOGit. 3 20 3 17 196 118 78 3788 381 g 12.0 12 . 0 
1005.3 20 3 17 196 118 78 3 79 3 382J [3 . 6 0 . G 
1006.3 2G 3 17 196 118 78 3799 '.' 82 il 10.3 S . G 
1007.ll 20 3 17 196 118 78 3804 j (; 31\ t:.6 10. J 
100C.l1 20 3 17 196 118 78 3809 Je:. o :3. 6 J.U.3 
100 ) ,ti 20 3 17 19 6 118 78 3814 3846 f~. 6 10. 3 
1010.4 20 3 17 196 118 78 3819 3850 {; . 6 6. 8 
1011.5 20 3 17 196 118 7[1 3f.2 3 =~ 25 5 G. 8 lj . 6 
, " ... " ~ 
"" " 
, ., 1nr , , 0 ~1 (l ') (} ,, () 38!;~} ~ . , ... f' . r.. 




......... ..... I'-' ..1 -...J "'• v ~ ' ' 
10]3.5 20 3 17 196 118 78 3833 3865 8.6 f) ,(:. 
10Jll. 5 20 3 17 196 118 78 3837 3870 (J • 8 ~; . 6 
1015.6 20 3 17 196 118 78 3842 3876 [) . 6 10. 3 
101G.6 20 .., 17 196 118 78 38117 3081 0.6 0.6 .) 
1017.6 20 3 17 196 118 78 3853 3887 10.3 10. 3 
1018.6 20 3 17 196 118 78 3858 3i\92 G.G F:,6 
1019.7 20 ") 17 196 118 78 3864 389 8 10. 3 10. 3 
"' 1020.7 21) 3 17 196 118 73 3869 3903 8,6 8.6 
1021.7 20 3 17 197 118 79 3874 390 8 6 .6 8 .6 
1022.7 20 3 17 197 118 79 3879 3913 &.6 8.6 
1023.8 20 3 17 197 118 79 3883 3918 G.8 8.6 
1024.8 20 3 17 19 7 118 79 3387 3922 6. 8 6. 8 
1025.8 20 3 17 19 7 118 79 3891 392 7 6.8 8.6 
1026.8 20 3 17 197 118 79 3095 3931 G. 8 6. 8 
1027.8 20 3 17 19 7 118 79 3900 39 36 8 .6 3.6 
1028.9 20 3 17 197 118 79 3905 39 {•1 () .6 8 .6 
1029.9 20 3 17 19 7 118 79 3911 394 7 10.3 10. 3 
1030.9 20 3 17 19 7 118 79 3917 3953 10. 3 10 • 3 
1031.9 20 3 17 19 7 11s 79 39 2 3 395 8 10. 3 &.6 
1033.0 20 ") 17 197 118 79 39 30 39 6 5 12.0 12.0 .J 
1034.0 20 3 17 197 118 79 3935 3971 G.6 10.J 
10 35. 0 20 3 17 19 7 118 79 3941 3976 10.3 0. 6 
103G.O 20 ... 17 197 1.18 79 3947 39 81 10.3 0.6 J 
1037.1 20 3 17 19 7 118 79 3952 3985 8.6 6.0 
1038.1 20 3 17 19 7 118 79 3958 3990 10.3 8.6 
1039.1 20 3 17 19 7 118 79 39 63 3996 3 • 6 10. 3 
1040.1 2 0 ') 17 19 7 118 79 3969 4001 10.3 8 . G .J 
1041.2 20 3 17 198 118 80 39 76 ltOO 7 12.0 10. 3 
1042.2 21 3 18 198 118 8 0 3981 4013 8.6 10. 3 
1043. 2 22 4 18 19 8 119 79 3988 4018 12.0 8.6 
10411.2 22 4 18 19 8 119 79 3994 4025 10. 3 12.0 
TINE R+ R- TOTAL lH H- TOTAL ORF OLR S PEE D-l~F SPEED-L : 
SEC• Ci\ITS CNT'S R CKTS CNTS CNTS B CNTS CNTS CN TS l~H/l lR• Kn/ItR• 
10'15.2 22 4 18 19 8 119 79 1+00 0 t;O 31 10.3 10. 3 
1046.3 22 '• 18 19 8 119 79 
[;006 4037 10.3 10. 3 
1()L,].3 22 4 1S 198 11.9 79 4012 4043 10.3 10. 3 
lOL+ 0. 3 22 4 18 19 8 119 79 4017 /104 s fl.6 l).6 
1049.3 2.2 4 18 19 8 119 79 4023 !,05 3 10.3 8.6 
1050.4 22 4 18 19 0 119 79 l,02 8 4058 [~ . 6 H.6 
1051.4 22 4 18 198 119 19 1,0 34 4064 10.3 10. 3 
1052.4 22 4 18 198 119 79 4039 LIO 7 0 8.6 10. 3 
1053.lt 22 4 18 19 8 119 79 Lt04 5 L; 0 7 6 10.3 10. 3 
10511.5 22 i, 18 198 l19 79 4051 110 82 10. 3 10. 3 
1055.5 22 4 18 19 8 119 79 '~ O 58 <'+0 8 8 12.0 1 n .., \) . .) 
1056.5 22 4 18 198 119 79 II 06 3 409ft [;.6 1 0 . 3 
1057.5 22 4 18 198 119 79 1+0 6 9 If 100 10.3 lJ. 3 
1058.6 22 4 18 198 119 79 4074 4106 3.6 10. 3 
1059.6 22 4 18 198 119 79 4081 4112 12.0 10. 3 
1060.6 22 It 18 198 119 79 4886 L,l17 0.6 8 . 6 
1061. .J ~'I 4 18 198 119 79 [;.091 !d. 2 2 8 .6 C.. 6 ~ ... 
1062.7 2.2 4 18 198 119 79 L;09 G '"';...., (") 3.6 10. 3 4 J . .:. 0 
1063.7 22 4 18 198 119 79 L; 101 4132 [; ,6 6. 8 
1061+.7 22 4 18 198 119 79 4106 !d. 3 7 ~~. G 8.6 
1065.7 2 2 4 18 198 119 79 4111 1.;141 8.6 6 ; 8 
10b6.7 22 4 18 19 8 119 79 1:116 /·14 6 L.6 8.6 
10G7.8 2.2 4 18 l:.J 8 119 79 '•12 0 '•151 G. 8 8, 6 
106[~ .3 22 4 18 198 119 79 lfl21! lt1.5 6 G. 8 G.G 
1069.8 22 4 18 190 119 79 4127 4160 5. 1 6. 8 
1070.L 22 4 18 198 119 79 1,131 '• 164 6.8 G.B 
1071.9 22 4 18 198 119 79 11135 11169 6. 8 8.6 
1072.0 22 '• 18 19 e 119 79 4139 4173 (. 8 G • e 1U73.SI 22 '• lb l~~ 119 /Y 4J.ll4 41/ I 0,6 ti • 8 1074. 9 22 ,, 18 19 8 119 79 I, 14 9 4182 t.6 8. 6 
1076.0 2 2 /1 18 19B 119 79 1:15 3 It 186 () . 8 6.8 
1077.0 22 4 18 198 119 79 4159 4192 10.3 10. 3 
1078.0 22 4 18 198 119 79 '·16 3 '·1 y 5 (J. 8 5. 1 
1079. 0 22 4 18 19 8 119 79 '• 16 6 4198 5. 1 5.1 
1000.1 22 4 18 198 119 79 '·16 9 ll 2 0 2 .J.l 6.8 
10£1.1 22 4 18 198 119 79 41711 L,2 0 G b .6 6. 8 
1082.1 22 
'• 
18 19 8 119 79 4178 4210 6. 8 G.3 
10lJ3.1 22 
'• 
18 198 119 79 l; 182 L;213 6 . 8 5. 1 
1004. 2 22 4 18 198 119 79 4186 4217 6. 8 6. 8 
10&5.2 22 4 18 19 8 119 79 4190 4221 G. 8 6. 8 
10S6.2 22 4 18 193 119 79 /1195 4225 0.6 6. 8 
1087.2 22 4 18 198 119 79 4199 4229 G. 8 6. e 
100&.2 23 4 19 198 119 79 4203 4233 G.8 6.8 
1089.3 23 4 19 198 119 79 4207 4237 (, . 8 6.8 
1090.3 23 4 19 198 119 79 4211 4241 6 .8 6.8 
1091. 3 23 4 19 19 8 119 79 l:216 '•246 3 .6 3.6 
109 2 . 3 23 4 19 19 8 119 79 ~221 4250 e.G 6.8 
1093.4 23 4 19 198 119 79 /122 5 '•254 ( .8 6. 8 
1094 .'1 23 !_, 19 198 119 79 4229 /1259 G.8 8.6 
1095.{, 23 4 19 198 119 79 4233 '• 2 6 3 6. 8 6.8 
1096.4 23 4 19 198 119 79 4238 4268 B.6 8. 6 
1097.5 23 4 19 198 119 79 I; 2 4 2 /12 7 2 G.8 6. 8 
1098. 5 23 !I 19 198 119 79 lt2 4 7 112 7 6 E.6 6. e 
1099. 5 23 4 19 198 119 79 4251 112 bO G. 8 6.8 
1100.5 23 /I 19 198 119 79 11 2 55 '• L 8 3 6.8 5. 1 
1101.6 2J 4 19 198 119 i9 4258 t',2 8 7 :i.1 6.8 
1102.G 23 4 19 198 119 79 4262 4291 6.8 6. 8 
1103.6 2 3 4 19 198 119 79 4267 4295 8 .6 6.8 
1104. 6 23 4 19 198 120 78 '•2 7 2 4300 8.6 8,6 
1105.7 '") ':) 4 19 198 120 78 4277 4306 8.6 10. 3 L. ~ 
Tim::: R+ It- TOTAL E+ n- 'J OT,\L ORF OLR SPEED-l~. F f.l P!: E 1>- J. 
S I~C • C:l'l'S c:ns ~ c;1 T s CNTS c:~TS B Cl~TS CNTS CNTS Kil/LR· i:l!/Jn· 
1106.7 " .... 4 ] 9 19 [.; uo /8 '•'l R2 '• ~H 1 1\. 6 n. (, L. .) 
1107.7 23 4 ] e 193 12 0 78 I, 2 8G l, 316 G. 8 8. (, .';J 
1108.7 23 '• 19 J 9 8 120 78 4291 
,, 321 U.6 8. (J 
1109.7 23 4 19 198 12 0 78 '•2 9 5 I, 32 6 6.8 ... ... C,t..: 
1110.0 ') ,, 4 19 198 12 0 78 1,2 9 9 1!3 2 9 G. 8 ~;. 1 ._..) 
1111.8 23 4 19 198 12 0 78 L,Jo 3 1; 3 33 6 . 8 (,. 8 
1112.8 ? .., l, 19 198 120 7 .g l;30 7 '· 3 3 7 (). 8 6. B 
·- ..J 
1113.8 23 I, 19 J9i:l 12 0 "1 n '• 311 4 ]Ill 6. 8 G. 8 10 
11 ]./., • 9 ? .., I 19 19 8 120 78 '• 316 l+3Lt5 iJ. 6 6c 8 
-.J '-1 
.1115.9 23 4 19 198 J. 2 0 78 4321 /1 J .J 0 8.6 8. (, 
1116.9 2 ~) 
'• 
1.9 198 J. 2 0 78 432.7 /i 356 10. 3 10. :·. 
1117.9 23 4 19 .i9H 120 78 ... 332 '• J(l 1 c. 6 ~). G 
1119.0 23 4 19 198 12 0 73 I, :J 3 8 I, J(, 7 10. 3 ll~ . J 
1120.0 23 4 19 JY8 12 0 78 '• 3 4'• l1 J 7 3 10.3 l \; 4 3 
1121.0 23 /! 19 198 120 /8 /! J!. 9 Ll J 7 9 G.6 1 i.; , :'. 
1122.0 23 t, 19 198 120 78 '· 3J5 '• J es 10.3 1 0 •. 1 
1123.1 23 4 19 198 12 0 '78 /;36 0 'I J 91 0.6 1 f) '" -·· 'v • - · 
11?.4.1 ') ') 4 19 198 12 0 78 Lt 3 6 5 '• ~~ 9 7 8.6 l 0. :J '--' 
1125.1 ,.~ ,, 4 .!.9 19 8 120 78 l!J i 1 /1 L, 0 J 10 .3 10.3 L_; 
11 26.1 23 /j 19 198 120 78 !! 3 7 6 1,4 09 L. 6 J. C). 3 
1127.1 7.3 4 19 198 12 0 78 l, 3 [l2 /llt14 10.3 G. 6 
ll2f) .2 23 
'· 
19 19 8 120 78 ~388 t, It· 2 0 10.3 J (). 3 
11 2:-.2 23 4 19 198 120 "'R 4 39 !, 41.2.6 10.3 10. 3 
1130,2 23 4 19 19 H 120 7B /14 01 t,t, J /. 12.0 1 (\ ., . ..... . -' 
1131.2 ? ,, 4 19 199 12 0 79 4'· 06 ~~it 3 7 n.6 D. C ~..) 
1132.3 ? ') 
'• 
19 199 121 78 '"·12 l; 41· J 10. 3 10. 3 ·- .J 
1133.3 23 4 19 199 121 78 Lt41 7 4 '• /dJ n.6 t!. 6 
1131;. 3 Jj '• 19 199 12 1 78 
,, /, 2. 3 4 1:51; J 0. 3 l 0. :1 
1l3.J.3 , l:l .i~9 121 -; 0 
' , ,... ,.. I I,.. "' lU, 3 ~ ~ L.:) ... 4-i o..t t:. J Lf 0.1' .,.1 ',j \.1. v 
1136.4 23 
'• 
19 199 121 73 4ll3/l II '·65 3 .6 1 ~). 3 
1137.11 2 '• 4 20 199 121 78 44110 /! (j 7 1 10.3 10. 3 1138.4 211 4 20 lSi~ 121 78 '•4 4 6 '•4 /6 10.3 f\ . 6 
1139.!, 24 4 2.0 199 121 78 ,, '•51 '• ft8 2 8.6 10. 3 
114"0. ~ 24 
'· 
20 199 121 78 !,1,5'/ '• td> e 10.3 10. 3 
111;1.5 24 4 20 199 121 78 4463 /1/19 J 10,3 3. 6 
1142.5 24 4 20 199 121 78 4 '• 6 2 
'·'· 9 9 tJ. 6 10. 3 1143.5 2 !!, 
'· 
20 199 121 78 Ill, 7 4 t,so '• 10.3 8. 6 
11lt4. 6 24 l+ 20 199 121 78 '•4 79 4510 E: .6 10. 3 
1145.6 2 t. 4 20 199 121 78 44 85 /+51.5 10.3 8 , 6 
1146.6 24 
'· 
20 199 121 78 4 '• 9 0 /f 521 ~. (, 10. 3 
1147.6 24 4 20 199 121 78 4495 !; 52 7 ~). 6 10,3 
1148.6 21~ 
'• 
20 199 121 78 t, 501 4533 10.3 10.3 
1149.7 24 4 20 199 121 78 4506 l, 53 9 f..G 1 (). 3 
1150.7 24 4 20 199 121 78 4512 454,5 10.3 10. 3 
1151.7 24 4 20 199 121 78 4517 , .. 550 8 .6 8.6 
11.)~~ .7 24 4 ~0 199 121 78 !;52 2 4555 3.6 " ' 0,0 
11 5~.0 2 L; 4 20 199 121 78 ,, 52 6 4559 6.8 6. Q 
1 L'> '*. G 24 l; 20 199 121 78 4531 4565 ~. 6 10. 3 
1155.8 2/1 4 ...,,.. 199 121 78 l:5 36 '·57 0 8.6 e. 6 ..:.v 
1156.i., 211 
'• 
2 0 199 121 78 4541 4575 0.6 b. G 
1157.9 24 4 20 199 121 78 4 5 '• 7 453 1 10.3 J. c. 3 
1158.9 24 
'• 
20 19 9 121 78 4552 4587 8.6 10.3 
1159.9 2 '• 4 20 199 121 78 4559 4593 12.0 10. 3 1160.9 24 /f 20 199 121 78 4565 4599 10.3 10 . 3 
1162.0 2!:, 4 20 199 121 78 4 5 70 4605 £ .6 10.3 
11G3.0 21; 4 20 199 121 78 LIS 7 6 4610 10.3 fi . 6 
1161,.0 zt, ll 20 199 121 78 t,s s2 4616 10.3 1 '' "' v. J 
11G5.0 ' )I 4 20 199 121 78 t,s u:; 4G22 10.3 10. :I 
·- -i 1HlG,l 21.; 
'· 
20 19~ 121 73 ,, 59 4 L; G2 L 10.3 10. J 
1167.1 24 4 20 199 121 78 t, GOO l1G 34 10.3 10. 3 
THIE R+ R- TOTAL 7.+ L- TOTAL ORF OLR SPEED~· ll F s P E ;m -· ~. i : 
S1:C• Cl :TS C,,TS T> CNTS CNTS Cl"lTS D CilTS CNTS CNTS kH/i.H• Ul/ln· ,, 
l16L.1 2/1 4 20 199 121 78 4(.06 4 Gl+ 0 10.3 10.3 
1169.1 24 /I 20 199 121 78 4612 116'· 7 10.3 12 .0 
1170.1 2/1 II 20 199 121 ']f) '~ 618 /1 (1 53 10. 3 10.3 
1171.2 24 /1 20 199 121 70 4C25 /1660 12.0 12.0 
1.1.72 . .2 24 4 20 19 9 121 78 4632 4 6 67 12.0 12.0 
1173.2 2'• 4 20 19 9 121 78 I~ G 3 8 /...673 l 0. 3 10.3 
117!1.2 25 4 21 199 121 78 '· 6 45 4 6 80 12.0 lL,O 
1175.3 25 Ll 21 199 121 78 4651 4687 1 () •. 3 12.0 
1176.3 25 Q 21 199 121 78 l j 65 8 '· (:, 9 4 1/.. 0 12.0 
1177.3 25 4 21 199 121 78 1.665 4701 12.0 12.0 
1171.:,.3 25 4 21 199 121 78 '• 6 71 L1 70 7 10. 3 10 • .3 
1179.4 25 4 21 199 121 78 /!6 7 8 ~~ j 13 12.0 10.3 
1180.4 2.5 ll 21 19Y 121 7 ~1 4684 '· 719 10.3 10 I 3 
1181.4 25 4 21 199 121 78 4689 ll 7 2 5 [; • 6 10 . 3 
1182.11 25 4 :Zl 199 121 78 Li694 It 7 J 0 
n ,. (; . G (}. 0 
11&3.5 25 II 21 199 121 78 LIG99 4735 
,, r: e.G (). v 
1184. 5 25 4 21 199 121 78 l! 705 4741 10.3 1 0 . 3 
11G5.5 25 4 21 199 121 7e !;. ill ,, 7 4 7 10.3 10 . 3 
1186.5 25 I+ 21 199 121 78 /.,717 Ll 7 5 L, 10.3 12.0 
11S7.6 25 4 21 19 9 121 78 4723 4760 10.3 10.3 
1188.6 25 4 21 199 121 78 4 72.9 I, 7 6 7 10.3 12.0 
1109.6 2S 4 21 199 121 78 /17 3 U 1: 7 7 4 12.0 12.0 
11.90.6 25 4 21 19 9 121 78 4743 4/bO 12.0 10.3 
1191.6 25 t, 21 199 121 78 ,, 7'• 9 ;, 7 8 7 10. 3 12.0 
1192.7 25 4 21 19 9 121 78 lf 7 56 4794 12.0 12.0 
1193.7 ') r: 4 21 199 121 78 I, 7 62 lt7 9 9 J.O.J 3.6 <-J 
1194.7 25 4 21 199 121 78 4768 1,[;05 10.3 10.3 
1105.7 ' ) ~ 4 21 200 1'>" 79 !; 7 7 3 4 0 J.. 1. C.6 lO.J ~ .J .. J. 
1196.~; :LS 4 21 200 122 78 li 7 7 9 L,81 G 10. 3 8.6 
1197.8 25 4 21 201 12 2 79 4784 4 [; 21 [).6 8.6 
119f;. 8 25 4 21 201 122 79 ,, 7 89 4826 8.6 a.6 
1199.8 2'5 4 21 201 122 79 ,, 7 9l, l, SJ 1 8.6 8.6 
1200.9 25 4 21 201 122 79 4799 4036 8.6 8.6 
1201.9 25 4 21 201 122 79 /., B04 4 84 2 3. 6 10.3 
1202.9 25 4 21 201 122 79 £,809 48/l 6 8.6 6. 8 
1203.9 25 4 21 201 12 2 79 4814 1,0 51 c. 6 8.6 
1205.0 25 4 21 201 122 79 4819 !!85 6 8.6 L.6 
12 06. 0 25 4 21 201 122 79 4823 ld~GO 6. 8 6. 6 
1207.0 25 4 21 201 122 79 4 82 8 48G4 2.6 6. 8 
1208.0 25 4 21 201 122 79 L1333 ldJ7oJ 8.6 10.3 
1209.0 25 4 21 201 122 79 4838 l,8 7 4 8.6 G.8 
1210.1 25 4 21 201 122 79 ld:,ll2 4879 G.8 8.6 
1211.1 26 4 22 201 122 79 'i 84 7 !;08!, 8.6 8.6 
1212.1 26 4 22 201 122 79 4351 4 8lJ 8 6.8 6.8 
1213.1 26 4 22 201 122 79 l: 856 4 09 3 3.6 8.6 
1214.2 26 4 22 201 122 79 ,, e6o '•&90 G. 8 8.6 
1215.2 26 4 22 201 122 79 lt866 4903 10.3 8.6 
1216.2 26 4. 22 201 122 79 4871 '•9 09 8.6 10. 3 
12.17.2 26 I~ 22 201 122 79 4876 4914 8.6 8.6 
121&.3 26 II 22 201 122 79 4881 4919 3.6 8.6 
1219.3 26 4 22 201 122 79 4386 4<J24 8.6 8.6 
1220.3 26 4 22 201 122 79 !1891 4929 0.6 8.6 
12 21. 3 2G 4 22 201 122 79 4o96 4935 8.6 10.3 
1222.4 26 4 22 201 122 79 4901 4941 0.6 10. 3 
1223.4 26 4 22 201 122 79 4907 49/17 10. 3 10.3 
1224.4 26 4 22 201 122 79 4913 4952 10. 3 8.6 
1225.4 26 4 22 201 122 79 4919 4958 10. 3 10.3 
1226.5 26 4 22 201 122 79 lt9 2 5 4965 10. 3 12.0 
1227.5 26 4 22 201 122 79 4931 4971 10.3 10.3 
l22G.5 26 4 22 201 122 79 4937 4977 10. 3 10.3 
TIHE R+ R- TOTAL B+ n- TOTAL ORF OLR SPEED-P.F SPEI..:D-l 
SEC• errs C~·!TS R CNTS CNTS CNTS B CNTS CNTS CNTS KH/LR• KM / 1:1! · 
1229.5 2G '~ 22 201 122 79 49/;3 ,, 9 83 10.3 10. 3 1230.5 26 4 22 201 122 79 '•9 4 9 ,, 9 90 10.3 12.0 
1231.6 26 4 22 201 12 2 79 4956 t, 9 9 G 12.0 10,3 
1232.6 26 4 22 201 122 79 4962 5002 10.3 10. 3 
1233.6 26 '~ 22 201 122 79 '•9 6 7 sooe [,.6 10.3 1231.<. 6 ,.., r ,, 22 201 122 79 4974 5014 12.0 10.3 L.\) 
12 35. 7 26 4 22 201 122 79 4979 5020 1;.6 10.3 
12 36. 7 26 4 22 201 122 79 4 9 8L1 50'26 ~;. 6 10.3 
1237.7 26 4 22 202 122 so 4989 5031. 8,6 8,6 
1238.7 26 4 22 202 122 80 I+ 9 9 3 5035 6,8 (j • 8 
12.39.~ 26 4 22 202 122 80 L,9 99 5040 10.3 8.6 
121,.0. [, 26 ll 22 2 0 2 122 so 5003 5045 6.8 8.6 
1241.8 26 ,, 22 202 122 80 5008 5051 8. 6 10.3 
12/+2.8 26 4 22 202 122 eo 5014 5056 10.3 s.G 
12lf3.9 2 r 4 22 202 122 80 5019 5062 8.6 10. 3 0 
1244.9 26 4 22 202 122 so 5025 506 7 10.3 8.6 
1245.9 26 4 22 202 122 80 5032 5073 1 2.0 1 0. 3 
1246.9 26 4 22 202 122 80 5037 5079 3.6 1.0. 3 
1248.0 26 4 22 202 122 80 5044 5085 12.0 ] 0. 3 
1249.0 26 4 22 202 122 80 5 0 50 5091 10 . 3 10.3 
1250.0 26 4 22 202 122 80 5056 5097 10.3 10 •3 
1251.0 26 4 22 202 122 80 5063 5103 12.0 1 \). 3 
1252.0 27 4 23 202 122 GO 5069 5109 10.3 10. ~· 
1253 . 1 ,.., '7 4 23 202 122 8 0 5075 5115 1 0 . 3 1 0 .3 "- I 
12 5 4.1 2 7 4 23 202 122 80 50 8 0 5121 v.6 1 0.3 
1255.1 27 4 23 202 122 eo 5086 5127 1 0 .3 10. 3 
1256.1 27 4 23 202 122 so 5 0 92 5132 10.3 3.6 
1257. 2 '"l / 4 'l'l 202 123 79 5098 5138 10.3 10. 3 L• I .. ., 
.1258.2 27 4 23 202 12 3 79 5104 5144 l!J. 3 l Ll. j 
1259.2 2 I 4 23 202 123 79 5110 5150 10.3 10.3 
1260.2 27 4 23 202 12 3 79 5117 5156 12.0 10.3 
1261.3 27 4 23 2 0 2 12 3 79 5 1 22 516 3 e.6 12,0 
1262.3 2 7 4 23 202 12 3 79 5128 5169 10.3 10.3 
1263.3 27 4 23 202 12 3 79 5134 5175 10 . 3 10.3 
126<'; .3 27 4 23 202 12 3 79 5141 5182 12.0 12.0 
1265.4 27 4 23 ~02 12 3 79 5147 5189 10. 3 12 . 0 
1266.1J 27 4 23 2 0 2 12 3 79 5153 5196 10.3 12.0 
1267.4 27 4 23 202 12 3 79 5159 5203 10.3 12.0 
126&.'· 27 4 23 202 12 3 79 5162 5208 5 . 1 8 .6 
1269 . 5 27 4 23 2 0 2 12 3 79 5 166 5212 G.8 6.S 
12 70.5 27 4 23 2 0 2 12 3 79 5 170 5215 6.8 5.1 
1271.5 2i 4 23 202 12 3 79 5173 5219 5.1 6 . 8 
1272.5 27 4 23 202 12 3 . 79 5177 5223 G.8 6.8 
1273.5 27 4 23 202 12 3 79 5181 5227 G.& 6.8 
1 2 74.6 27 4 23 202 12 3 79 5186 5232 G.6 8,6 
1275. 6 27 4 23 202 12 3 79 5191 5237 8.6 8.6 
127G.G 27 4 23 202 123 79 5197 5243 10,3 10.3 
1277.6 27 4 23 202 12 3 79 5202 5248 8 . 6 8.6 
1278.7 27 4 23 202 12.3 79 5208 5254 10.3 10.3 
1279.7 27 4 23 2 0 3 123 so 5214 5260 10. 3 10.3 
1280.7 27 4 23 203 12 3 80 5222 526 7 13. 7 12.0 
1 2 e1. 7 ?""~ 4 23 203 12 3 £0 5228 5 2 74 10 . 3 12.0 •· I 
12 82. 8 27 4 23 203 12 3 80 5234 5280 10. 3 1 0. 3 
12 83.8 27 4 23 203 12 3 80 .J240 52 86 10. 3 10. 3 
l2f:li.8 27 
'• 
23 203 12 3 80 52Lj6 5292 10. 3 10.3 
12C:5.8 27 4 23 203 12 3 80 5252 5298 10 . 3 10.3 
1286.9 27 4 23 203 12 3 80 5253 5303 10.3 8.6 
1287.9 27 4 23 203 12 3 80 5264 5309 10 . 3 10.3 
1288.9 2 7 4 23 203 123 so 5271 5315 12.0 10.3 
1289.9 27 4 23 203 123 80 5276 5 321 8.6 10,3 
TINE R+ n.- TOTAL U+ E- TOTAL ORF OLR SPEED-KF SPEElJ-Li 
SEC • C-iTS C1H' S 1\ ChTS Cl;TS CNTS n CNTS CNTS CHTS KH/LR• U1/ J.l\ • 
1290.9 27 4 23 203 123 80 52 82 5326 10.3 t:.6 
1292.0 27 4 23 203 12 3 80 5287 5330 8.6 6.8 
1293.0 27 4 23 203 123 80 5292 5335 0.6 8.6 
1294.0 27 4 23 203 12 3 80 5297 5340 0.6 ~. 6 
1295.0 27 4 23 203 12 3 &0 5302 5345 0.6 8. 6 
1296.1 28 L· 24 20 3 12 3 80 5306 5 3!19 6. 8 6.8 T 
1297.1 28 /l 2!+ 203 123 80 5311 5354 8.6 8.6 
129[;.1 20 4 24 20 3 12 3 HO 5316 5J.':i9 B.G 8 .6 
1299.1 20 I 24 20 3 12 3 80 5320 5363 6.8 6. [: 4 
1300.2 28 4 24 20 3 12 3 GO 5325 5368 8.6 8.6 
130 l. 2 28 4 24 203 12 3 r.o 5330 5373 8.6 £. 6 
1302~2 28 4 24 20 3 12 3 [;0 5335 5378 8.6 H.6 
1303.2 28 4 211 20 3 12 3 80 5340 5383 3.6 8.6 
1304.3 28 4 24 20 3 12 3 80 5346 5389 10.3 .J.O. 3 
1305.3 28 4 24 203 12 3 80 5351 5394 D.6 8 . 6 
1306.3 28 /.1 24 20 3 12 3 80 5357 5400 10.3 10. 3 
1307.3 28 4 24 203 12 3 80 5362 Sl1 0 C1 8.6 J 0. 3 
1308.4 28 4 24 203 12 3 80 5369 5412 12. 0 10. 3 
1309.!1 28 ll 24 203 12 3 80 5375 5418 10.3 10.3 
1310.4 28 4 24 20 3 12 3 80 5381 Sl; 2 5 10.3 12.0 
1311. fl 28 l; 24 :L03 12 3 80 5388 54 32 12.0 12. 0 
1312.4 23 I, 24 203 12 3 f;Q 5394 $439 10. 3 12.0 
1313 . 5 20 /l 2/! 203 123 80 5401 5!1!16 12.0 J. 2. 0 
131!;. 5 28 4 2!1 203 12 3 80 5408 5/l 53 12.0 12. 0 
1315. 5 28 L; 24 203 12 3 80 5414 5!+6 0 10.3 12.0 
1316.5 2G 4 24 203 12 3 so 5421 5466 12.0 10. 3 
J317.6 2:3 L; 24 203 12 3 BO 5427 54 7 3 10.3 12. 0 
1318.6 28 4 211 203 12 3 80 5433 5479 10,3 10. 3 
.i:il0.G 2[; 4 2·· 203 lL 3 bll j4 Jd )4b4 (.). b t:. 6 1320.6 28 ,, 2!1 203 123 80 54/11 5489 .5.1 8. 6 
1321. 7 28 4 2!1 203 123 [.0 54/15 5.!19 3 6. 8 (>. 8 
13:~2.7 20 4 24 203 12 3 80 5449 5498 6.8 8.6 
1323.7 28 4 24 203 12 3 80 5454 5502 r. .• 6 G. e 
1324.7 28 l; 24 203 123 80 5!15 9 5506 E.6 6.8 
1325.8 28 l; 24 20 3 12 3 80 5463 5511 G.S 8.6 
1326.8 28 4 24 203 12 3 co 5/.:68 5516 8.6 8.6 
1327.8 28 l; 21; 203 12 3 so 5473 552 2 0.6 10. 3 
1328.8 28 4 24 203 12 3 80 54·; 9 552 7 10.3 8.6 
1329.9 28 4 24 20 3 12 3 80 Sit 85 5533 10. 3 10.3 
1330.9 28 4 24 203 12 3 80 5491 5540 10.3 12.0 
1331. 9 23 
'• 
2/t 203 12 3 30 5495 5 5111! G. 8 6.0 
1332.9 28 4 24 203 12 3 80 5/19 9 5547 6. 8 5.1 
1333.9 28 4 24 203 12 3 ~0 5504 5552 G.6 0.6 
13 35. 0 28 l; 24 203 12 3 30 5508 5555 6. 8 5. 1 
1J3G.O 28 4 24 203 123 80 5512 5559 6.8 (, • 8 
1337.0 2c 4 24 203 123 80 5515 5562 5.1 5.1 
1330.0 28 ll 24 20 3 12 3 80 5518 5565 5.1 5.1 
13 39. 1 29 4 25 203 123 BO 5522 5569 6.& 6. 8 
1340.1 29 4 25 20 3 12 3 80 5525 5573 5.1 6.8 
1341.1 29 4 25 203 12 3 80 55 30 5577 L.6 G. 8 
1342.1 29 l; 25 203 123 ~0 5536 5582 10.3 3.G 
13ft3.2 29 L; 25 203 123 so 55111 .5536 0.6 (, . 8 
134 4. 2 29 /1 25 203 123 30 5545 5591 (,. b 8.6 
1.345.2 29 4 25 203 12 3 80 5550 5595 b.6 6. 8 
13/!6,2 29 4 25 203 123 ~0 5554 5G01 6.8 10. 3 
1347.3 29 4 25 20 3 123 30 5559 5606 8.6 n.G 
1348.3 29 4 25 20 3 123 80 5564 5611 3.6 8. 6 
1349.3 29 /I 25 203 12 3 80 5569 5616 C.6 8.6 
1350.3 29 4 25 20 3 12 3 80 5574 5622 8.6 10.3 
135l.lt 29 t. 25 203 12 3 80 5580 562 8 10.3 10. 3 
TillY~ l{+ R- TOTA:::.. I:+ 13- TOTAL ORF OLR SPEED-H.F SP~ED-·UI 
SEC· c ... ,. C' Ci>. '"1'S R Ci:·:TS C~TS C~HS n CNTS CNTS CN TS U1/UI.• UtI L J: • d.Lo.J 
13)2.4 ~ ( ' I 25 203 12 3 80 5506 56 3.'i 10. 3 12.0 L../ •I 
135J.4 29 4 25 203 123 30 5593 5641 12.0 10. 3 
135lo.4 29 It 25 2 0 ~~ .12 3 eo 5599 5()4 3 10.3 12.0 
1355.4 29 L} 25 203 12 3 ::;o 5606 56.55 12. 0 12. 0 
135G.5 29 4 n<; 203 12 3 80 5613 5(> 62 12.0 12.0 _._ J 
1357.5 29 1,. . , r: 203 123 80 5619 5669 10. J ] 2. 0 /..:J 
J35f.5 29 4 25 :?.03 ]. 2 3 tO 5626 5676 1:L.O 12.0 
13)9.J 20 4 25 203 123 no 5633 56[;: 3 1:!..0 12. 0 
13(;0.6 29 /1 25 203 12 3 80 5G40 5690 12. 0 12. 0 
1361.6 ?0 ll 25 20 3 12.3 go 561; 6 569 (> l 0. 3 10.3 ~--13CL.. r) 20 4 , , r · 203 12 3 80 ~i 6 53 S?OJ 1 :~. 0 12.0 t..J 
1363.6 2Y lj 2" 203 12 3 80 5660 5710 12.0 12.0 . :J
1JCL;.7 2:J 4 25 20 3 12 3 HO 5666 5717 Hi. 3 J L 1 U 
13C:1.7 29 I, 25 203 12 3 <:I) 5673 s '12 3 1~.0 j Q • .:.; 
13fG.7 20 I 25 203 12 3 80 5679 :.i 7 30 10.3 u. Ci ... 
1367.7 29 '• 25 203 12 3 flO 5685 S736 
] 0. 3 10. J 
130(i,8 29 4 25 203 12 3 GO 5692 )tliJ .1 2 • 0 12.0 
1369.8 '"I (I !.I 25 20J 123 BO 5698 5 71~ 9 ] 0. 3 10.3 L. -' 
1370.3 "'J n 4 25 203 12 3 eo 5703 5755 D. 6 10. 3 4 -· j 
1371.8 2 9 4 25 203 12 3 80 5710 5"/61 12.0 10 . .3 
1372.8 ?C 4 25 203 J23 80 5716 5';:6 7 lO.J 10 ;3 
·-' 
1373. ~! " 0 l; 25 20~ J.2.3 80 5722 5 i' 7l, 10. 3 12.0 L-' 
13 7 :.":. 9 29 4 25 2 ,) 3 12 3 80 5728 5780 10.3 1 u. :1 
1375.9 29 l:, 25 203 12 3 e.o 57 3l; 5786 10.~ 10.3 
1376.9 30 l, 26 20 3 123 20 5740 5792 10. 3 :i.O. 3 
137f>. O 30 4 26 20'! 12 3 81 5 j" 46 5797 10.3 3 .6 
1379,() 30 4 26 204 124 GO 5751 5C03 ~~ . 6 10, 3 
"'1 "· r: .... , ,, ., ,., 4 /..6 201; 1 , '· co 575G 5LO ·S ,, 
, 2~6 
.t . -> ULI • U 
.J '-' .......... , 
0 • , .. ~ 
13Dl. 0 30 I 2(, 2U4 l/.4 80 5762 5bl4 lli. j UJ • .') ... 
13fj2.1 31) l; 26 205 124 01 5767 5819 L6 8.6 
1J[;J,1 30 I; 26 205 12 ~~ 81 5773 5825 10. 3 lG. 3 
1301;,1 30 4 26 205 12'• 81 5778 5G31 0.6 10. 3 
13(;5.1 30 L, :~ 6 205 12lt 81 5783 5836 <;. n 8,b 
13tH>.2 30 4 26 205 121~ 81 5789 5 Gl.; 2 10.3 10. 3 
1307.2 30 I~ 26 205 124 [;1 5795 5i,ltB 10. 3 10.3 
1388.2 30 4 26 205 124 81 5801 5054 10.3 10. 3 
13[:;9.2 30 
'· 
26 205 12 4 81 5806 5L5 9 r~. 6 8. (, 
13~·v.J 30 4 26 205 124 61 5313 586) 12.0 10. 3 
1391.3 30 4 26 205 12 4 81 5817 5H69 (). 8 6. 8 
139 2. 3 30 4 26 20 5 124 81 5821 5074 6. 8 8.6 
1393.3 30 4 26 205 124 t:1 5 825 5 tl 7 :) 6. 8 r,. 6 
1394.3 30 4 26 205 124 81 5630 5 ~)84 <·;. 6 (1, (; 
1395.lt 30 4 26 205 12!~ 81 5}335 5889 e.6 8.6 
139C.4 30 'f 26 205 12 'f 81 5841 5 89 5 10.3 l 0. :j 1397.4 30 4 26 205 124 81 5846 5901 8.6 10.3 
1398.4 30 4 26 205 124 81 5852 5907 10.3 10.3 
1399.5 30 4 26 205 121; 81 5857 5913 8. 6 10. 3 
11;00.5 30 4 26 205 124 81 5863 5920 10.3 12.0 
1401.5 30 4 26 205 12ll 81 5368 5925 C.6 8,6 
1402.5 30 4 26 205 12 4 81 5874 .5931 10. 3 10.3 
1403.6 30 lf 26 205 12 ,, 2.1 5880 5936 10. 3 8.6 
1404.6 30 4 26 205 124 81 5886 5942 10. 3 10. 3 
1405.6 30 4 26 205 12 4 81 5892 5943 10. 3 10.3 
1406.G 30 4 26 205 12 /~ 31 5897 5954 5.6 10. 3 
11107.7 30 4 26 205 124 81 5902 5960 2.6 10. 3 
1400.7 30 4 26 205 124 [',1 5908 5965 10.3 D.6 
1409.7 3J 4 26 205 124 81 5913 5970 B.6 q,6 
1410.7 30 4 26 205 124 81 5913 5975 e.6 B.6 
1 l;ll. 8 30 lf 26 205 124 81 5924 5980 10.3 8,6 




















] 4 31. 2 
14 32. 2 
1433.3 
1431: .3 
14 J.: • J 
ll!36. 3 
1437.3 
14 3&. 4 
}ll39.11 
1440.4 
:!,I.; i; _!._. 1: 
1442.5 





































































































































































































































































































































































































































































(J 0"2 I, 
6026 












G 0 I, I; 





6 0 4 L; 
(j 0 '• 4 
60/t 4 
60i~ 4 
6 (ll, 4 
GQl,l; 




































1 • 7 
3.4 
3. 4 




3 • I; 
1.7 
S PEL D- L:~ 
i~:! I l: R. 
b.6 
1>. 6 
(, . () 









, , I 
j . ""' 
3' ,, 
3.4 
s ' J. 
3. 4 





• 0 • 0 
• 0 • 0 
• 0 • 0 
• 0 • 0 
• 0 • 0 
. 0 • (,) 
• 0 • 0 
• 0 • 0 
• 0 • 0 
• 0 • 0 
• 0 • 0 
• 0 • 0 
.o .o 
• 0 • 0 
.o .o 
. 0 . 0 
• 0 • 0 
• 0 • 0 
• 0 • 0 
• 0 • 0 
.o .o 
• 0 • 0 
.0 LRV-1 ,0 
.o ,() 
• 0 • 0 
.o .o 
.o .o 
• 0 • 0 
.o .o 
• 0 • 0 
• 0 • 0 
• 0 • 0 
• 0 • 0 
• 0 • 0 
.o .o 
• 0 • 0 
• 0 • 0 
• 0 . 0 
TH!:L Ii.+ R·- TOTAL r.+ n- TOT/\L ORF OLR SPEED-i;F S P E 1.: /) - ;_. II 
t.:· ..... r · • c;·~TS C ~·J 1' S R Cl\TS c;as Ci·!rrs l~ cwn; CNTS ; . T: ' 11 C Kl!/:.1-:.· Ul/l,R• oJ Lo V \..• . ., ... ~; 
1475.2 30 4 26 20G 1. 2 l1 ~~ ? 598G (>044 • 0 • 0 , ,_ 
1476.2 30 4 26 206 12 ,, [,2 s~ ec GO L, 4 • 0 .o 
1!:77.3 30 Lt 2G 206 124 B2 59 36 G0LI lf • 0 .o 
14 78. 3 30 4 26 206 124 S2 59 86 \· 0 ~4 .o • 0 
11179.3 30 !: 26 206 12 4 [;2 598G (.04 4 . 0 • 0 
1400.3 30 4 26 206 124 
,_. ') 5 ~~ 8 () GU44 . 0 .o u-
l t, 81 . i, 30 4 26 206 124 ~' 'l 5936 6 04 I; • 0 • 0 ,; ... 
14U ,I, 30 /i 26 206 124 0? 5986 GO I; 4 . 0 . 0 .J • -
1483.1; 30 4 26 206 12 4 n2 59 36 (.0 1; 4 .o .o 
14L4.1: 30 f, 26 206 124 I I "' _') 9 80 (, Q,'t I; .0 . 0 0/:. 
llr ~5. 5 30 4 26 206 12 4 H2 59 (~6 ( , () /1 /1 • 0 .o 
11, f; 6 . . s 30 l; 26 206 J 2l; 82 5986 r~o t;t, . 0 . 0 
ll; [; 7 . s 30 ' 26 :LOG 124 L:?. .S9GG c. 0 'I L, • 0 .0 .. 
J.l,u; .s 30 4 26 206 121, [;2 5986 (J 0 4 4 . 0 • 0 
11.::: :J • G 30 t, 26 206 12 4 B2 59 86 GO 4 ti ' 0 • 0 
1490.6 30 4 26 206 124 
..,,.., 
:!9 86 r,ot, :, . 0 • 0 0.r.. 
lL•9l.G 30 I, 26 20 6 12 l; 82 59(~ 6 (,()1;1+ . 0 . 0 
1492.6 30 L, 26 206 12 4 L2 5936 GOL!I: . 0 .o 
1493.7 30 4 26 206 121~ n "I 59B6 60!. :-, • 0 .o u-
1494.7 3 0 4 26 206 124 C2 5986 ( , ()1;4 . c • 0 
11;95.7 30 4 26 206 121; .S2 59 8 6 6 04/1 • 0 ' 0 
149() . 7 30 '~ 26 206 12/;. f ') 5986 (,0 '•'i (' • 0 , _ • J J.li0i'.7 30 4 26 206 124 82 5936 :_ot;4 . 0 • 0 
1£i9G.B JO L, 26 206 124 82 5986 GOL;4 • 0 . () 
14S9.2 30 4 26 206 124 R2 59 86 6 (.I I,!, . \) .o 
15 00. ~; 3G 4 26 206 12'• 82 5986 60 4/1 .() .o 
1501.~ 30 4 26 206 121, 82 5986 G0 44 • 0 . 0 
1:; u 2 • 1:1 10 I 2(; 206 124 [)2 593C G 0 t, 1; ~I .o 'I . '-' 
1503.9 30 4 26 206 124 t;2 ~9 30 C044 . u .u 
1504.9 30 t, 26 206 12/1 8?. 5986 G044 • 0 • 0 
1505.9 ~0 '• 26 206 12 4 82 5926 cot, 4 • 0 .o 1507.0 30 4 26 206 124 02 5986 6044 . 0 .o 
150£:.0 30 4 26 206 124 82 5986 601.4 • 0 .o 
1509.0 30 I; 26 206 124 f;2 5986 G044 • 0 .o 
1510.0 30 I; 26 206 124 82 5986 601,1, .o .o 
1511.1 30 
'• 
26 206 124 82 5986 604L; • 0 • 0 
1512.1 30 4 26 206 12'• {;2 59 <.:6 (.041~ . 0 .o 
1513.1 30 4 26 206 124 32 5986 60li4 • 0 .o 
1511; .1 30 4 26 206 12 4 82 5986 Got,,, • 0 • 0 
1515.2 30 4 26 206 124 82 5986 (1 0 11 1~ • 0 • 0 
151G.2 30 4 26 206 12/; e2 5986 604 4 • 0 • 0 
1517.2 30 4 26 206 124 [;2 5986 60 114 • 0 .o 
1518.2 30 L, 26 206 124 ~; 2 5986 60 44 • 0 . 0 
1519.2 30 4 26 206 12/1 f\2 5986 (.044 . 0 .o 
1520.3 30 4 26 20 6 124 82 5986 G044 .o . 0 
1 521.3 30 4 26 206 124 82 5986 60114 .o • 0 
1522.3 30 4 26 206 124 82 59S6 6044 .o • 0 
1523.3 30 4 26 206 124 02 5986 6Ql,4 • 0 .o 
152l,,4 30 ~~ 26 206 J.2l; 02 5986 G044 • 0 .o 
1525.4 30 4 26 206 124 82 5986 G044 • 0 .o 
1526.4 30 4 26 206 124 82 5986 60!1 t, .o • 0 
1527.!1 30 4 26 206 124 &2 5986 60 44 . c • 0 
1520.5 30 4 26 206 124 ~; 2 5986 6044 .o • 0 
l.:J 29 . 5 30 4 26 2 06 12 4 82 59 36 60 44 .o .o 
1530.5 30 4 26 206 124 82 5986 604 4 • 0 .o 
1531.5 3 t) 4 26 206 124 r2 598G 6044 • 0 .o 
15 32 • G 30 4 26 206 124 [;2 5987 G045 1.7 1.7 
1533.(> 30 4 26 206 12 4 [-.2 5980 6045 1.7 .o 
1531+.6 3U 4 26 206 124 82 5989 GLl4G 1.7 1.7 



























































































































































































































































































































































































































































































































































6 2 31 
6236 
































































































~ . • G 
0 . ~·, 
(,' (J 
t. . c 









































1. J. 7 
10.3 
T ll·IE R+ R- TOTAL 1>+ B·· TOTAL OI~F OLR S PEE D-l{I·' Sl'EJ:D-·Li; 
SEC• C~i '1' S C:t-:TS I~ CNTS u-;-Ts CNTS p, cwrs CNTS CNTS Kri 11 ~ R • !: ?·1 I~ ! E. 
1598.1 33 5 23 210 12 8 f:2 (l 314 G 3 (> ~: 12 • () 1 '}. ' (i 
1599.1 33 5 28 /.10 12 8 82 6 320 () 3 7 ll 10.3 10. 3 
1600. -~ 33 r 28 210 128 8 2 (l 32 7 GJ8ll 12.0 10 . 3 .) 
11~01, l 33 5 28 210 12 8 ~2 6333 6386 10. 3 1 0. 3 
H1e2.2 33 5 28 2:!.0 12 8 82 6340 G:39 1 12.0 8 . E· 
1603. 2 33 5 28 210 128 82 G34 6 G'397 10 . 3 10. 3 
1604.2 33 5 28 210 12 8 ['.2 G352 G4 or. 10. 3 12. 0 
1605.2 " ..., 5 28 210 128 82 6358 f./f 10 10. 3 10. J j.) 
1606.3 33 5 28 210 12 8 82 G 3611 61+15 l. 0. 3 B.G 
1G07 . .1 33 5 28 210 12 8 82 6369 (J ll 21 
r·~ r 10 . 3 o,o 
1G02.J 33 c: 28 210 128 82 6375 G/1 / 7 10. 3 10. :1 ..1 
1609. 3 '>'"' 5 28 210 l28 82 G 382 G !I 3 J 12.0 lC. J ..J..J 
J.G:i.O, /+ 33 5 28 :~1 0 12 8 1)2 6387 043 9 (.) . () 10 . 3 
1611.4 33 5 28 210 12 8 82 6393 64!1 6 10. 3 J.L.. 0 
16J.L.ll 3'' t . 28 210 12 8 82 6399 611 5.2 10.3 10. J _) ..J 
1(>13.4 .. , ... , , . 28 210 12 8 82 6ll04 (>l; 58 f,. 6 10.::; _, .• ) :..> 
16llf. 5 .., ~ 5 28 2J.O 128 82 6409 6463 ~;. 6 cr. .).; 
161).5 33 5 28 210 12 8 82 6415 6 /1 6 ') 10. 3 l'J . 3 
1616.5 33 5 28 210 128 82 6!121 611 1 5 10.3 1 2. 0 
1617.5 33 5 28 2!0 12 8 82 6!126 6 ~ ~l 8.6 E • G 
16U~ . 5 ... ,, 5 28 210 12 8 82 6431 6ll [; 6 ;::,, 6 e .G ~.J 
161 9 . 6 33 5 28 210 12 8 82 643 6 Gtf 91 8. 6 3.G 
162<.-.G 33 5 28 210 12 8 82 6440 649.) r c• (1. 8 u.o 
1621.6 33 5 28 21CJ 12 8 82 6445 6500 £.6 3.6 
1622.6 33 5 28 210 12 8 82 6449 6505 G P 8.6 • 0 
1623.7 34 5 29 210 12 8 82 6/15 4 6 5 10 0.6 8,6 
1624.7 3 !+ 5 29 210 12 8 82 61; 59 6 5 lll :J.6 6. 8 
1C> 2:i. 7 31; ') 29 21 () 12 9 81 6464 (151~) E.6 s . 6 
lb Lt:> . I ~) 4 J ..:;, 210 129 
, I ,. ,., ,- r' r. I 
" 
r .... , .. 
ul. v -. 1; .1 u _;..:.'-1- v.u l.l • ;..; 
1627. 8 Jl: 5 29 210 12 9 01 G t+ 7 4 6523 8. 6 6. H 
1628.8 34 5 29 210 12 9 81 G479 0533 8.6 8 .6 
1629.8 34 5 29 210 12 9 81 C> 4 83 6537 6.8 6' 8 
1630. (.~ 34 5 29 21J 129 82 G407 6541 6.8 6 • ('. 
1631.9 J /; 5 29 211 12 9 82 6 !+ 9 0 (:, 5 L1 ~) 5.1 6. c 
16 3 2 . ) 3/f c; 29 211 129 B2 G493 65LI9 5. 1 5. 8 ..J 
1633.9 3!1 5 29 211 129 82 6496 6552 5.1 5. 1 
16311.9 3!1 <: 29 211 129 82 6!1 99 65 56 5. 1 
I' • . 
..J v. ~ 
16 36 . 0 3ft 5 29 211 129 82 6502 6559 5.1 5 . 1 
1637.0 3 /t 5 29 211 130 81 G505 656 3 5.1 (, . 8 
1633.0 JLI 5 29 211 130 81 6509 6 ~i 6 6 6. 8 5. l 
16 39. 0 3L:. 5 29 211 130 81 6513 6570 6.8 f.)' 8 
1640.0 34 5 2 9 211 130 81 6517 6575 6. 8 &.G 
1641.1 34 5 29 211 130 81 6521 6579 C8 G. 8 
16.'12.1 34 5 29 :L l2 130 02 G525 6584 G. 8 8 . (> 
1643.1 3 L1 5 29 212 130 82 65 29 6588 () . 8 (J. 8 
1644.1 34 s 29 212 130 U2 6531 6592 j. t. G. 8 
1645.2 34 5 29 212 130 82 6534 6595 5 . 1 5 . 1 
1G46.2 J!f 5 29 212 130 82 6538 6 <i OG 6.8 (; .6 
1647.2 34 5 29 212 130 82 6541 6G04 5.1 G. 8 
1648.2 .34 5 29 212 130 82 6546 6(,0[; 8.6 6.0 
1649.3 3lt 5 29 212 130 &2 6550 6612 ii • r. 6. 3 
1650.3 34 ,. 29 212 130 82 6555 661.7 8.6 8.6 :..> 
1651. 3 3/t 5 29 212 130 82 6559 6621 6.8 6. [, 
1652. J 34 5 29 212 130 82 6 56 '~ 6626 8 .6 3 ,6 
16.) 3. '• 34 5 29 212 130 82 6568 6630 6.8 6 . 8 
1654.4 34 5 29 212 130 82 6573 66 3ll 8 .6 G. 8 
16 55.4 34 5 29 212 130 82 6577 6638 6.8 6. 8 
1656.4 J4 5 29 212 130 82 6580 6642 5.1 6. 8 
1(; 57 . 5 3Lt 5 29 212 130 82 6583 664 5 5.1 5 .1 
16 5 [,. 5 Jlf '" 29 212 130 82 65 86 66l18 5.1 5. 1 . J 
TINL ll+ R- TOTAL B+ D- TOTAL ORF OLR SPEED-l~F' ~; l' l'; E D- L ; ~ 
SEC· CNTS CNTS R CN1'S CHTS CNTS B CNTS CN 'fS CilTS J(H /LR • l~N /I. J: • 
1659.5 Jll 5 29 212 130 82 6590 6 (l52 6.8 G. 8 )(;(.0.5 34 5 29 212 130 82 G 59 t, 6655 (j • 8 5. l 
1661.5 3lj 5 29 213 130 83 6598 (,65 g {j • 8 ~). 1 
16G2.G 34 5 29 213 130 G3 66 Ol1 GC.65 10. 3 1/.. 0 
1663.6 J [I 5 29 213 130 P" 660i 6669 5.1 C.8 ).J 
J.GG/,,6 34 5 29 213 130 23 6611 6672 6.8 :; , ....... 
1665.6 3L! 5 29 213 130 133 661.5 667G c. 8 I). 8 
166G. 7 34 r· 29 213 131 (;2 6619 6679 (l. 8 5.1 .) 
1667.7 34 5 29 2ll; 131 83 6622 6683 5.1 G.R 
1G6D. 7 34 5 29 214 131 ~3 (,626 GClBH 6. 8 B.G 
16(19.7 34 5 2Y 214 132 82 (,6 31 6694 L t 6 10. :; 
Hi 70. ~ 3!1 5 29 214 132 82 66 :J6 6699 0.6 e. 6 
1671.8 34 5 29 21 '• 132 ~2 6641 G705 n.G 10.3 
167i:~.8 3 !; 5 29 214 132 ~)2 6646 6711 C.6 10' J 
1673.8 3L; 5 29 214 132 &2 6 ()52 6717 10. 3 .:.o. J 
1 G 7 !I • ~~ 3'• 5 29 215 132 83 (,657 G 7 2 3 E. 6 10. 3 
1675.9 3~ 5 29 215 132 83 CG62 G7213 L.6 t"l ·' IJ ~ lj 
1676.9 3Lt 5 29 215 132 (l ~ 6667 G/33 ,, r.. (\ c::: '-.•..) ' .J " \.) (_) . \,J 
1(;77.9 34 5 29 215 132 83 6672 6739 ( ' (, 10. :: c.~ 
1679.0 3'· 5 ~9 215 132 63 CJ6 7 e 6 /ll ,, 10.3 8. G 
1680.0 JL, 5 29 215 132 83 6633 6750 8.6 
., ,~ , , 
J. u • . ) 
lGGl.O 3Lt 5 29 215 132 83 6689 G755 10.3 :; • 6 
1632.0 3l, 5 29 215 132 83 6694 6761 G.6 10. 3 
168.3.0 34 5 29 215 132 V3 6700 6766 10.3 [),(; 
1C8l;.l 3li 5 29 215 132 e3 6705 6772 0.6 10.3 
16[5.1 311 5 29 216 132 [4 6711 6776 10.3 6. 8 
1(lG6.1 3 !, 5 29 216 132 84 6716 6781 :::.6 8.6 
lflG7.1 34 5 29 216 132 84 G722 6786 10.3 8.6 
1 r r,,.... ..., 
..., ' e 00 216 13 ~~ f! '~ f-.727 (, 7 9? ~ · l h 1 (j • ~.; ~vu~ .... ~ ...; ' i ..I ... .., 
l68l),2 34 5 29 216 133 83 6 7 JL1 (l79B 12. 0 10. 3 
1690.2 3Li 5 29 216 133 83 6740 6803 10. 3 8.6 
1CJ9l. 2 34 5 29 216 133 83 6745 6808 0.6 3.6 
1692.3 34 5 29 216 133 83 6750 6813 n.6 c.c-
1692.3 34 5 29 216 133 83 6755 GG13 8.6 
..., ,. 
c. ... u 
1694.3 34 5 29 216 133 83 6760 6823 8.6 8.6 
1695.3 34 5 29 216 133 83 6766 6828 10. 3 8.6 
16 9 6. L1 34 5 29 216 133 83 G773 6833 12.0 8,6 
1697./t 34 5 29 216 133 83 6778 6837 8,6 6.8 
169~.4 34 5 29 216 133 83 6784 G£42 10. 3 n.6 
1699.4 3 '• 5 29 216 133 63 6790 6847 10. 3 8.6 1700.4 34 r: 29 216 133 fJ3 (1 7 9 5 685 3 8.6 10. 3 ..J 
1701. 5 34 5 29 216 133 83 6&02 6 861 12.0 13,7 
1702.5 34 5 29 216 133 IJ3 6£07 6£67 8.6 10,3 
1703.5 34 5 29 216. 133 83 6812 6872 8.6 e.6 
17l)l!. 5 34 5 29 216 133 83 6817 6b77 [;,6 8. 6 
1705,6 34 5 29 216 133 83 6822 6882 3.6 C.6 
1706.6 3l; 5 29 216 133 83 6826 6&86 6.8 6.8 
1707.6 34 5 29 216 133 83 6830 6391 6.8 8.6 
1708.6 35 5 30 216 133 ()3 G835 6895 3.6 6. 8 
1709.7 35 5 30 216 133 83 6840 690 0 0.6 8.6 
1710.7 35 5 30 216 133 83 6844 6905 G. 8 8.6 
1711.7 3S 5 30 217 133 64 6849 6910 8.6 8,6 
1712.7 35 5 30 217 133 84 6854 6915 8.6 [;,6 
1713.8 35 5 30 217 133 84 ()859 6921 8.6 10. 3 
1714.8 35 5 30 217 13:3 84 6865 6927 10.3 10. 3 
1715.8 35 5 30 217 133 84 6870 6932 8.6 e.G 
1716.8 35 5 30 218 134 84 6876 6938 10.3 10.3 
1717.9 35 5 30 218 135 83 (882 6945 10.3 12.0 
1718.9 35 5 30 219 135 84 6888 6950 10.3 8. 6 
171~.9 35 5 30 219 136 e3 6893 6955 3.6 8.6 
TIH£ R+ R- TOTAL L+ lJ ·- TOTAL ORF OLR SP EED-J{ F SPEED- J.I< 
SEC· crns c:T s R CI-iTS CNTS on·s n CNTS CNTS CNTS KH/LH· U!/i.l!.• 
1720.9 35 5 30 2J.9 136 83 6899 6~GO 10. 3 3. (, 
1721.9 35 5 30 219 136 [,3 6 90/i 6965 8. 6 r.. 6 
1723.0 35 5 30 219 136 83 G910 6971 10. 3 10. 3 
1724.0 35 5 30 219 136 £3 6915 G977 e.6 10. 3 
1725.0 35 5 30 219 13(> 83 6921 6983 10.3 J.O, 3 
172G. O 35 5 30 219 136 D3 6927 (l9 89 10.3 10.3 
1727.1 3.) 5 30 219 136 C3 G933 tJ9Y 6 10.3 12.0 
1728.1 35 5 30 219 136 83 6938 7002 (~. 6 10 • .3 
1729.1 35 5 30 219 136 83 6944 7007 10.3 8. 6 
l"i30.J. 35 5 30 219 .1.36 83 6950 7012 10.3 13.6 
17 31.2 35 5 30 219 13G 83 6955 7018 8.6 10. 3 
1732.2 35 5 30 219 13() 83 6960 702 3 H.G n. u 
1733.2 35 5 30 219 136 83 6965 7029 G.6 10.3 
1734.2 35 5 JO 219 136 83 697"1 70 35 10.3 10. 3 
1735.3 35 5 30 219 136 c~ 3 6977 701t1 10.3 10. 3 
1736.3 35 5 30 219 136 83 6983 704 7 10.3 10. 3 
1737.3 35 5 30 219 136 83 G939 7054 10.3 12.0 
1730.3 .., c: 5 30 219 136 f-3 6995 7060 10.3 10. 3 _;)_, 
1739,/i 35 5 30 219 136 B3 7002 7066 12.0 10. 3 
1740.4 35 5 30 219 136 <• ... 7008 7072 J.0.3 10. 3 v...> 
1741.4 35 5 30 219 136 83 7013 7078 C. G 10.3 
1742.4 35 5 30 219 136 83 /01 J 7005 10.3 12.0 
1 7 4 3 • !1 35 5 30 21) 136 (;3 7025 7090 1G.3 8.6 
174!;,5 ..,r 5 30 219 136 e3 70 31 7097 lO. 3 12. 0 .:).) 
17Ll5.5 35 5 30 219 136 !1"3 70 3 7 7103 10.3 10. 3 
17LtCl.5 35 5 30 219 136 83 704 3 7109 10. 3 10.3 
1747.5 36 r. 31 219 136 D3 7 0/19 7116 1.0,3 12.0 ..) 
17ltH.6 36 5 31 219 136 f;J 7055 7J 21 10.3 8.6 
1/4:J.G .:>G :J n1r> , " ,. 
,....., 
-,Af'1 .., , •) £. 1 I\ 'J <!. ~ 
..).I. '-.J.:.; .L .J V ....... .. J IV V..L I ..L-V ·- ·...- . -' 
1750.6 3G 5 31 219 136 G3 7067 7131 10.3 8.6 
1751.6 3 () 5 31 219 136 [;3 7073 7137 J0.3 10. 3 
1752.7 36 5 31 219 136 [\3 7077 711+2 G. S 8.6 
1753.7 36 5 31 219 136 83 7081. ] llt 7 6. 0 (~. 6 
1/5!,,7 36 5 31 219 136 f~ 3 7085 7152 G. 8 8.6 
1755.7 36 5 31 219 136 83 7090 7157 U.6 8.6 
1756.8 36 5 31 219 136 83 7095 7162 C.6 3.6 
1757.8 36 5 31 220 136 811 7100 7168 0.6 10. 3 
175[;.8 36 5 31 220 136 C4 7106 7173 10.3 8.6 
1759.8 36 5 31 220 136 84 7111 7177 8.6 6. 8 
1760.9 36 5 31 220 136 [;4 7117 7183 10.3 10.3 
17Gl.9 36 5 31 220 137 83 7122 7188 {).6 8,6 
1762.9 36 5 31 220 137 83 7127 719 3 [.6 8.6 
176·3.9 36 5 31 220 137 83 7131 719G (i • 8 3.6 
176lr.9 36 5 31 220 137 83 7136 72 0 2. u.6 6. 8 
1766.0 36 5 31 220 137 83 7141 720[; i.i. 6 10.3 
17G7.0 36 5 31 220 137 83 7145 7213 6.8 8.6 
1760.0 36 5 31 220 137 83 7149 7217 0.8 6.8 
1769.0 3G 5 31 220 137 ~13 7153 7221 6.8 6. 8 
1770.1 36 5 31 220 137 83 7158 7226 ~.6 8.6 
1771.1 36 5 31 220 13 7 83 7162 7230 6.8 6.8 
1772.1 36 5 31 220 137 83 7167 72 35 ~). 6 (::. 6 
1773.1 36 5 31 220 137 83 7173 7239 10.3 G.C 
177!;,2 36 5 31 220 137 83 7177 7245 6.8 10.3 
1775.2 36 5 31 220 137 83 7183 7249 10.3 6. 8 
1776.2 36 5 31 220 137 83 7188 7254 [).6 8.6 
1777.2 36 5 31 220 137 83 7193 7259 8.6 8.6 
1778.3 36 5 31 220 137 83 7199 7265 10. 3 10. 3 
1779.3 36 5 31 220 137 83 7204 7270 8.6 8.6 
1780.3 36 s 31 220 137 f:.3 7 211 7277 12.0 12.0 
1781.3 36 5 31 220 137 83 /216 7282 3.6 8.6 
TINE P.+ R- TO'l'AL :C+ B- TOTAL ORF OLR SPEED-RF SPEED-LP. 
SI.:C• Ci~T S CliTS R CNTS ChTS CHTS 
., CNTS CNTS CNTS l~M/l i f!.• kH I I. n.. j) 
1782.3 36 5 31 22 0 137 83 7~22 7283 10. 3 10. 3 
1783.1, 36 5 31 220 137 83 7228 7 2. 9 /1 10.3 J.(). 3 
1 7 8/j • 4 36 5 31 220 137 83 7 2 3'1 7300 10.3 10. 3 
17 85 ,ll 36 5 31 22 0 137 83 72 !1 0 7 30 7 10.3 12.0 
1786.1; 36 5 31 220 137 n') 7246 7312 10. 3 8.6 IJ..J 
1787.5 36 5 31 220 137 83 7252 7317 10.3 8.6 
1788.5 36 5 31 220 137 83 7257 7322 C.6 8.6 
1789.5 36 5 31 220 137 ~3 7 2 () 2 7 32 7 8.6 £.6 
1790.5 36 5 31 220 137 83 72 6 7 7331 8.6 6. 3 
1791.6 36 5 31 220 137 83 7271 7336 6.8 3,6 
1792.6 3G 5 31 220 137 83 7 2 76 7341 3.6 !.) • 6 
17')3~6 37 5 32 220 137 33 72 &1 73HJ &.6 8.6 
179ll.6 37 5 32 220 137 83 72 86 7351 8.6 3. 6 
1795.7 37 5 32 220 137 83 7292 7357 10.3 10. 3 
1706.7 37 5 32 220 137 83 729 g 7363 10. 3 10. 3 
1797.7 37 5 32 220 137 f;3 7 30 3 7369 8.6 lO . J 
179{;.7 37 5 32 220 137 33 7309 7375 1.0.3 10. :l 
1799.8 31 5 32 220 137 83 7315 7382 10.3 ] 2. 0 
1GOO.G 37 5 32 220 137 83 7321 7 3[)8 10.3 10.3 
1S01. 8 37 5 32 220 137 83 7327 7395 10. 3 12.0 
1802.0 37 5 32 220 137 83 7333 7/101 10.3 10. 3 
1B03.8 37 5 32 22 0 137 83 7339 7 ,, 0 7 10.3 10.3 
180i • 9 37 5 32 220 137 83 7346 7 41 '• 12.0 12.0 
1805.9 37 .. 32 220 137 [.3 7352 7 ~~ 2 0 10.3 10.3 J 
1806.9 37 5 32 220 137 83 7358 7426 10.3 10.3 
1807.9 37 5 32 22 0 137 83 7365 "1 ,, 32 12.0 10.3 
lf>09.J 37 5 32 220 137 83 7371 74J9 10.3 12.0 
1810.0 37 5 32 220 137 83 7378 7 ,, '• 5 12.0 10.3 
lb.il.O '37 J .:)~ 220 1:>7 "·" ~"'"'' 
-, I :- "\ , " ~ .2 c !J uJ J .; v...,. 1'-T.i._ ..LV • j 
1812.0 37 5 32 220 137 83 7391 7459 12.0 12.0 
1813.1 37 5 32 221 138 83 7398 7465 12.0 10.3 
1814.1 37 5 32 222 138 311 7 '• 05 711 7 3 12.0 13. 7 
181,5.1 37 5 32 222 138 84 7412 7l. G 0 12.0 12. 0 
1816.1 37 5 32 222 138 e4 7413 74 86 10.3 10.3 
1017.2 37 5 32 222 138 84 7ll25 7'• 9 3 12.0 12.0 
18lf..2 37 5 32 222 138 S4 7432 7500 12,0 12.0 
1819.2 37 5 32 222 138 8/t 7'• 39 7507 12.0 12.0 
1820.2 37 5 32 222 138 84 71145 7515 10.3 13. 7 
1821.3 37 5 32 222 138 84 7452 7521 12.0 10. 3 
1822.3 37 5 32 222 138 84 7459 7528 12.0 12.0 
1823.3 37 5 32 22 3 139 84 7465 7535 10.3 12.0 
182Lf,3 37 5 32 22 3 139 &4 7472 1st .. 2 12.0 12.0 
1825.3 37 5 32 22 3 1.39 84 7480 7541) 13.7 12 .o 
1826.4 37 5 32 224 1t10 84 7486 7557 10.3 13. 7 
1827.4 3S 5 33 224 140 34 74 94 7564 13. 7 12.0 
1823.4 38 5 33 224 14 0 84 7501 7571 12,0 12.0 
1829,!1 38 5 33 224 141 83 7508 75 7 8 12.0 12.0 
1830.5 38 5 33 224 141 83 7515 7 58!. 12.0 10.3 
1 [ 31 • 5 38 5 33 225 141 84 7522 7591 12.0 12.0 
18 32. 5 33 5 33 225 142 83 7529 7598 12.0 12.0 
1833.5 38 5 33 225 142 83 75 36 7605 12.0 12.0 
1834.6 38 5 33 225 142 83 7 54 3 7612 12. 0 12.0 
18 35. G 38 5 33 225 142 83 7550 7619 12.0 12.0 
1836.6 38 5 33 225 142 83 7556 7626 10. 3 12.0 
1~37.6 38 5 33 225 142 83 7563 7632 12.0 10.3 
1838.7 38 5 33 225 142 83 7569 7639 10.3 12.0 
1839.7 38 5 33 225 142 33 7576 7646 12. 0 12.0 
u::4o. 7 38 5 33 22 5 142 83 7582 7653 10. 3 12.0 
1841.7 38 5 33 225 14 2 C3 7 588 7660 10.3 12.0 
1842.8 38 5 33 225 142 83 7595 7666 12.0 10.3 
rna: It+ :r..- TOTAL :C+ H- TO'fAL ORF OLR SPEED- J(F SPEED- Li' 
SEC· c,'i TS CiTl S R CNTS CNTS CNTS B Ci~TS CNTS CtO.'S l~H/ LR • l~l! I L R • 
1B43.8 3S s 33 225 1112 83 7602 'l6 7 3 12.0 12. (l 
1844.8 38 5 33 225 14 2 e3 76 08 76 i ' 9 10.3 10. 3 
1845.8 3 8 5 33 22 s ll!2 8J 7615 76SG 12. 0 12. 0 
J 8 Lf6, 8 38 5 33 2 2 5 11+ 2 f.lJ 76 21 7 (> 9 3 lG.3 u .o 
]8/f 7. 9 38 5 33 22 5 142 83 76 2 8 76 9 9 12. (; 1.0. 3 
J.8ft0. 9 38 5 33 225 142 83 76 35 7706 1 2 .0 12.0 
18119.9 3B 5 33 225 142 83 76112 7713 12.0 12. 0 
l t 50.9 ' J n 5 33 225 1lf2 83 76'f n 7?'20 J. 0. 3 12.0 .JU 
l D52. 0 38 5 33 2'"' ,. 1Lf 2 83 7 6 :_; 5 7 7 2 7 J).G 12, 0 i..J 
1853.0 38 5 33 225 llf 2 8J 7() 62 77 3 3 lL.O 10. :~ 
1b5i;.O 38 5 33 22 5 1il2 B3 7668 7 7/10 10.3 12' 0 
18)5 .0 3" 5 33 225 1/12 83 7 (, 7 4 77 I!C) .10.3 10.3 1.) 
1 f: 56. 1 .38 5 33 225 142 BJ 76 81 7 7 5 :3 12,0 12' 0 
1857.1 3 8 5 33 225 1112 8 3 76 88 7760 } 2 • 0 12.0 
1~5[\.1 38 5 33 225 142 ""' 7(>9 4 7} (j 7 10. 3 12.0 l_\..) 
185 ~!. 1 3 9 5 3'1 225 ]./12 B3 7701 7 7 ] I! 12.0 1.2. 0 
1 860.2 3 9 5 34 225 142 83 7787 7'781 10. 3 12.0 
1 ~~ G 1. 2 39 5 34 225 llt2 83 7/lll 7 7 f; 7 12.0 _1 () • 3 
1862.. 2 39 ,. 34 225 1112 B3 77 2 0 7 i' 911 10. 3 12 .0 . ) 
J863. 2 39 5 34 22 5 142 8'> 7727 72-00 12.0 10' 3 ~· 
106:..2 39 r:- 34 225 1112 B3 7 7 3lf '7 f; ()7 !.2. 0 12. 0 ..) 
1265.3 39 5 Jl1 225 142 83 7 71+0 ;314 10.3 12. 0 
106().3 3 9 r· 34 22 5 142 83 7 7 !1 7 7 8 2 l 12.0 12.0 ;) 
J.tG7.J 3~ 5 34 225 142 83 7 7 5'· 7 8 2 f, 12. 0 12. Q 
lc;GG.J 39 5 34 225 l<l2 83 77 GO 7835 10. 3 12. 0 
1869.'• 39 5 34 22 6 142 S/1 776 7 l B 1+1 12.0 ] 0. 3 
l p / C1 _ j, 3 ~-~ :; 14 22 (, 142 8 4 1774 i' [; ! , 8 12.0 12. . 0 
J.f,/1. 4 39 5 34 226 142 84 7780 78)5 10.3 lL . u 
un2.4 3 9 5 34 22 G 1112 84 77 B/ 7861 12.0 1 0. 3 
1873.5 39 5 34 22 7 14 3 84 7794 7868 12 .0 12.U 
1871J,5 39 5 34 22 7 14 4 83 7801 7874 11..0 10. j 
1£75.5 39 5 3/f 22 8 14 4 Bl1 7809 7St2 13. 7 13. 7 
H:7G. 5 39 5 34 22 8 l/1 /1 84 7816 7889 12.0 12.0 
lf77.u 3SI 5 34 22 8 145 83 7823 7896 12.0 ).2 • 0 
187£.6 3 ~i 5 34 229 145 84 7830 7903 12.0 12 • () 
1[:79.6 39 5 34 229 145 e4 7837 7910 12.0 lL.. 0 
1£80.6 39 5 34 229 145 81+ 7844 7917 12.0 1?. • 0 
1831.7 39 5 34 229 14 6 83 7851 79 24 12 .0 12 . 0 
1882.7 39 5 34 230 146 84 7858 79 31. 12.0 12.0 
1883. i ' 39 5 34 230 146 {;4 7864 79 3H 10.3 lZ. 0 
1H84.7 39 5 34 230 14 6 Slt 7e71 791-+5 12.0 12. 0 
1885.7 39 5 34 230 1'•6 ~4 7877 7952 10,3 12.0 
1SC6.S 39 5 3L1 2 3 o· 146 V4 7 88/1 7958 12.0 10. 3 
l.S07.8 39 5 34 230 1'• 6 £4 7890 7964 10 . 3 10.3 
1888.8 39 5 34 230 146 84 7896 79 69 10.3 H.6 
1889.8 39 5 34 230 14 7 83 7903 79 75 12.0 10. 3 
1890.9 39 5 34 230 1'• 7 83 7908 79 80 8.6 e.G 
1891.9 39 5 34 231 147 84 791!1 79 86 10.3 10. 3 
1892.9 39 5 34 2 31 147 B4 7919 7991 8.6 8.6 
1&93.9 ~~ 0 5 35 231 147 84 7925 79 97 10.3 10. J 
1095.0 LIO 5 35 231 14 8 83 79 31 £003 10.3 10. 3 
1896.0 t,o 5 35 231 148 83 79 3 7 8010 10.3 12.0 
189 7. 0 40 5 35 231 148 83 79 4 3 8016 10.3 10. 3 
189 8 .0 ,,o 5 35 231 148 83 79 49 B022 10.3 10. 3 
1899.1 40 5 35 231 14 8 83 7955 8029 10.3 12.0 
1900.1 /10 5 35 231 14 8 83 79 61 8035 10.3 10. 3 
1901.1 l10 5 35 231 148 b3 796 8 eo '•2 12.0 12.0 
1902.1 40 5 35 231 1118 83 /9 75 80118 12.0 J.O. 3 
1903.2 40 5 35 231 148 83 79 82 8055 l 2. 0 12. 0 
1904.2 
'• 0 5 35 231 14 8 83 79 £;8 C062 10.3 12.0 
TIHE R+ n TOTAL H+ ).)- TOTAL ORF OL!~ SPEED·-!\F SP.i::ED···LF !.\,.-
SEC> C~i'f S CN TS R CNTS CNTS CNTS B CNTS CNTS CNTS K!·~/ l1 R • i~H/l:R• 
1905.2 tl 0 5 35 231 14 8 83 799 4 8069 10. 3 12 • () 
1906.2 LtO 5 35 231 148 83 8000 8076 10. 3 12.0 
1907.2 4\J 5 35 231 14 8 R3 8006 80 82 10.3 10. 3 
1908.3 40 5 .:15 231 148 83 D013 &OB8 12.0 10. 3 
1909.3 ll 0 5 35 231 148 83 ()019 8094 10. 3 10. 3 
1910.3 l: 0 5 35 231 148 83 802.5 8100 10. 3 1 f) ., ... \, ... ) 
1911. 3 l: 0 5 35 231 14 0 [.3 8031 0107 10.3 1:. 0 
1912.4 l1 0 5 35 231 1413 83 80 35 8113 G. 8 10. 3 
1913.4 lfO 5 35 231 148 83 [;040 £:11.7 [\.() Ci,b 
1914.LI l1 0 5 35 231 14 8 83 eot, 6 8123 10.3 10. =~ 
1915.4 /10 5 35 231 11+8 83 eo s s 8131 15.5 13. 7 
1916.5 40 5 35 231 1118 [;;J gos7 Bl32 :J.4 
, ., 
.! .• 'J 
1917.5 40 5 35 231 148 83 005 7 8133 . 0 
. .., 
J. • I 
1910 • .5 l ; 0 5 35 231 148 8 ~5 8058 813/1 1.7 1.7 
1919.5 ItO 5 35 231 lli8 83 805 8 £134 • 0 • 0 
1920.6 40 5 35 231 14 3 83 8059 8135 1.7 1.7 
1.921.6 40 5 35 231 ]_ 4 8 83 f,Q 6 0 8136 1.7 1./ 
1922.6 40 5 3S 231 148 83 006J. 0137 
., ., 1.7 J. • I 
1923.6 40 5 ') ,. 231 14 8 83 806 3 8139 3. '• J, l1 ..J::J 
J.92l,. 7 40 5 35 231 148 83 8066 814 1 5. 1 J. 4 
1925.7 40 c; J5 2 :l1 14e. 83 8070 814 3 G • 8 :; • l; J 
192G.7 'f () 5 35 231 ll, 8 83 8073 81/f 4 .J • 1 1.7' 
1927.i. l, D 5 35 231 148 0·3 80 7 5 3145 ] • 4 1.7 
1928.7 t, 0 5 35 231 14 8 83 flO 76 8146 1.7 1.7 
1929.8 I, 0 5 35 231 148 C3 8070 014[) 3. 4 3. 4 
1930.8 40 5 35 231 lid) 83 8080 815 0 3. '• 3. 4 
~. '),3]_ .. ~ M.) 
" 
":\; 7 31 lid~ ~<~ f() x ') F. l r;? ? • .1. ·, • • (1 
19 32. 8 40 5 35 231 148 83 80 811 815 5 3.4 5. l 
B33. 9 40 5 35 231 148 83 cor. 7 815 8 5.1 .).1 
1934.9 40 5 35 231 148 83 8090 8161 5.1 5. 1 
1935.9 40 5 35 231 1/; 8 83 80 911 816 5 6.8 6. 8 
1936.9 40 5 35 231 148 83 8098 2169 (). 8 6.8 
1938.0 t.fO 5 35 231 148 83 810 3 8174 8.6 8.6 
).939.0 40 5 35 231 148 83 8107 8178 6.8 6. 8 
].9/!0.0 40 5 35 231 148 83 t;J.1 J 8183 6.8 8. 6 
19ltl.O 40 5 35 231 14 8 H3 Hl14 81{;7 5. 1 c. e 
J.9l.2.1 /10 5 35 231 14 8 83 8117 G 191 c ' 6. 8 .) • .l 
1943.1 40 5 35 231 14D 83 S121 819 lt 6.8 5.1 
194~.1 t,o 5 35 231 14 8 83 8124 819 8 5. 1 6. ~! 
1945.1 40 5 35 231 11.8 83 8128 8203 G.B 8.6 
1946.1 I; 0 5 35 231 148 83 8132 b20 7 G.8 6.8 
1947.2 40 5 35 231 1118 83 8137 8212 8.6 8. I) 
191;8.2 41 5 36 231 148 33 8142 8217 8.6 8,G 
1949.2 41 5 36 231 148 83 8146 8222 6.8 B.6 
1950.2 41 5 36 2 31 148 83 8151 822 7 8.6 8.6 
1951.3 41 5 36 231 148 83 8155 8232 6. 8 8.6 
1952.3 41 5 36 231 148 83 8160 8236 0.6 6.8 
1953.3 41 5 36 231 14 8 83 8165 3240 8. (; 6.C 
1954.3 ltl 5 36 231 148 83 8170 8245 8.6 8.6 
1955.'1 ~1 5 36 231 14 8 83 8175 821,9 3.6 6.8 
1956.4 41 5 36 231 148 83 8180 825 3 8.6 6.8 
1957.4 41 5 36 231 148 83 8185 825 8 8.6 " ,. (). t' 
1958.4 41 5 36 231 148 83 8190 8262 8.6 G.Z 
1959.5 41 5 36 231 148 83 8195 826 7 8.6 8.6 
196J.5 41 5 36 231 14 8 83 8200 82 72 8.6 8.6 
1961.5 41 5 36 231 14 8 83 82 06 82 7 8 10.3 10. 3 
1962.5 41 5 36 231 14 8 83 S212 82 8l; 10. 3 10. 3 
1963.6 41 5 36 231 14 8 eJ 8218 82 90 10.3 10.3 
1 9 G t, • G 41 5 36 231 14 8 83 8225 82 9 7 12.0 12.0 
19G5.6 41 5 36 231 148 83 82 31 830 3 10.3 10. 3 
TINE R+ R- TOTAL n+ B-· TOTAL OltF OLR S PEE D-lti.- S P E ED .... ] ~ !: 
SEC· Cl<TS CUTS R CiHS CNTS C~TS f J CN1'S CHTS CNT~; KH/i.R• J~ r t 1 i i P. ..... 
1966.6 41 5 36 231 14 B 03 82 3 7 e3J.O 10.3 J /.. 0 
1967.6 Ill 5 36 231 148 83 82 '• 3 8.316 10.3 10. J 
1968.7 41 5 36 231 11-d.l 83 82 49 W~23 10,3 12.0 
1969.7 ltl 5 36 231 14 8 B3 8255 33 30 10.3 12.0 
1970.7 41 5 36 231 14 8 83 8261 3336 10.3 10.3 
1971.7 41 5 36 231 1.4 8 83 826 7 83 r.z 10.3 l (). 3 
197/..r. lt J. 5 36 231 14 8 83 82 7 3 8349 .l (). 3 11.. 0 
19/:LS 41 5 36 231 1118 83 32 80 8JS5 12.0 10. 3 
1974.8 l,1 5 36 231 1ll8 83 82 86 f.362 10.3 1 ::~ • e 
J~U5 .. i) 41 5 36 231 1.4 8 83 82 9 2 [;.363 10.3 10. J 
i97C.9 /11 5 36 231 148 [)3 8299 8375 12. 0 
'1 "; (\ 
~ '·• • ·..J 
J..CJ"i7.9 41 5 3G 231 14 8 83 ~DOlt 1:381 L. 6 .10.3 
)_()78.9 41 5 36 231 14 8 83 8311 f; 3B 8 L~. 0 n.o 
19 79. 9 41 5 36 231 148 gJ C31U 839 t, 12.0 10. 3 
1981.0 !; 1 5 36 231 14 s 83 8323 8400 0.6 10. J 
J.Si82.0 41 5 36 231 14 8 83 0330 8L106 12.0 10. 3 
1J33.0 41 5 36 231 14 8 83 03 3 r, [; ''12 6. 8 10.) 
l 9 f.ll • 0 l.J 5 36 231 1L18 ['"> [1337 8415 ) . 1 S.l • ..J 
1985.1 li 1 5 36 231 1l~ 8 83 0340 8418 5.1 s .1 
1986.1 41 5 36 231 14 8 83 S34 3 e42l .) . 1 :.i. 1 
J9f.7.l 41 5 36 231 148 83 E346 8/l2 3 5. 1 3 • L, 
1?00.1 41. 5 36 231 11~ 8 V3 8350 31t 2 I (). 8 6. 8 
1989.1 41 5 36 231 1118 83 0353 8430 5. 1 5 • J. 
1990.2 ld 5 36 231 14 8 83 8357 81. ,3 4 ('. 8 .• (• l) ...... 
1991.2 41 5 J6 231 JAS 83 3361 f>ll J 8 r. s (i,f) 
1992.2 l; 1 5 36 231 148 83 b36G f:l: /12 U.G 6.8 
1 ..:.·, {; '1 ') l:2 .s "l~ 231 14 8 83 8 370 f~/1 If 6 6. p (, . {; 
..... ·" ,._, """.-
_,, 
J.'j'Jl;.3 42 j j/ :LJl 148 t~: j 037:) ... , .... 
, . ,. 
... r 
u-.J ..1. '-'. v v.v 
1995.3 lt 2 5 37 231 148 83 8380 e456 8.6 G.G 
1996.3 t,. 2 5 37 231 148 83 8386 f\462 J.U. ~3 10.3 
1997.3 li2 5 37 231 14 8 83 3391 046 7 8.6 8.() 
1990.4 ".2 5 37 231 148 83 S396 8/l 7 3 8.6 10. 3 
1999.4 ,, 2 5 37 231 148 83 84 01 fA 7 8 8.6 C.6 
2 00 0. L, 42 5 37 231 1118 8.'3 81 .. 06 H4 82 8.6 6. 0 
2 00 l. 4 1;2 5 37 231 148 83 r,L,10 0ll86 6.8 6. 8 
2002.5 42 5 37 231 14 8 83 8414 8<'1(39 6.6 5. 1 
2003.5 1,2 5 37 231 14 8 33 8lil7 8l•9 3 5. 1 6. 8 
200! •• 5 42 5 37 231 14 8 83 3421 8496 6.8 5.1 
2005.5 42 5 37 231 148 83 8424 8ll9 9 5. 1 5.1 
2006.(; ll2 5 37 231 148 83 e42 7 3503 J. 1 6.8 
2007.6 42 5 37 231 148 83 t.4JO B506 .::; • 1 5. 1 
200D.G 42 5 37 231 148 83 81.34 8510 6.8 6.8 
200~J.G 42 5 37 231 148 83 &4 38 8514 6.8 6.8 
2010.6 42 5 37 231 14 8 83 84 1.,2 8518 6. 8 6. 8 
2011.7 42 5 37 231 148 83 8446 f.:522 6.8 6. 8 
2012.7 42 .::; 37 231 14 8 S3 8451 8526 (;. 6 G. 8 
20J3.7 {~ 2 5 37 231 148 83 t455 05 31 6.8 3,6 
2011;. 7 42 5 37 231 148 83 84(10 85 35 8. 6 6. 8 
2()15.0 42 5 37 231 148 83 81+ 6 5 8541 8.6 10.3 
2016. fl 42 5 37 231 14 8 83 84 "10 85/16 ~.6 e.6 
2017.8 42 5 37 231 148 83 84/6 8552 10. 3 10.3 
2018.G 42 5 37 231 148 83 8481 8558 u. 6 10' 3 
2019.9 42 5 37 231 148 83 8l18B 8564 12.0 10. J 
2020.9 42 5 37 231 148 83 84 9!1 8571 10.3 12.0 
2021.9 42 5 37 231 14 8 83 8500 85 7 7 J 0. 3 10.3 
2022.9 42 5 37 231 1ll8 83 8506 85[)3 10. 3 10. 3 
202!1,0 42 5 37 231 14 8 83 8511 85 89 8.6 10.3 
2025.0 42 5 37 231 148 83 8517 8594 10.3 8. 6 
20ZG.O 42 5 37 231 148 83 852 3 8600 10.3 10.3 
2027.0 42 5 37 231 14 8 83 8529 s6o6 10.3 10.3 
TH1E R+ R- TOTAL IH B- TOTAL ORF OLR ~;PEED "-RF SPEED-1!). 
SEC· CNTS Cl-~ TS R CNTS CNTS CNTS n CNTS CNTS CNTS KH/liR• lZ!·t/J: P~ • 
2028.0 42 5 37 231 148 83 t)5 Jl, 8611 n.6 3.6 
2029.1 42 5 37 231 J.ll 3 H3 85 39 8617 3. 6 10.3 
2030.1 42 5 37 231 14 8 83 85!.,4 8(> 21 n. 6 6.() 
2031.1 42 5 37 231 H8 83 85 48 862 6 (,. 8 8.6 
2032.1 42 5 37 231 14 e 83 8553 eG3o (;,6 G. 8 
2033.2 ti 2 5 37 231 l/18 83 85 57 86 3·~ G. 13 6. 8 
2 0 3/f. 2 ft 2 5 37 231 14 s 83 0.562 [;6 3 8 b. 6 G.S 
2035.2 42 5 37 231 148 83 8566 8G43 G. 3 8.6 
2036.2 '•2 5 37 231 14 8 83 85 71 86 4 8 ~~. 6 " 
,. 
(),l) 
2037.3 42 5 37 231 14 B 83 'bS 7 6 86 5 J t;. G 8. 6 
2 0 3£. 3 4 3 5 38 231 148 83 G5 82 8 (>59 1.0.3 10.3 
2039.3 43 5 38 231 14 8 83 E5 88 EG65 lu. 3 10. 3 
2040.3 43 5 38 231 14 8 83 S5 9L~ i·iG71 10.3 10. J 
2041.1; l ., 5 38 231 14 8 83 0600 (j(, 7() 10, 3 l'' n '.) ~. v 
204;.:,4 43 5 38 231 148 83 8606 863!; 10.3 J.O • J 
20Li::J.4 43 5 38 231 148 83 861:?. 3689 1.0.:1 £J 
20!;4. 4 
'• 3 
,. 38 2 31 14 8 83 8618 869 (f 10.3 . ~ , .J (,. 'J 
2 0 '•). 5 43 5 38 231 ]./• 8 83 £:6 2 3 -S G99 
n , (\ , 
0. l.l u.O 
20!;6.5 43 5 38 23.1 148 23 362 8 g 70 3 L. 6 c. • e 
2047.5 43 5 38 231 148 83 86 3 3 [nO E. ~~. 6 S.6 
201;8.5 43 5 38 231 11,8 83 86 3 7 .:712 6. 8 G. 8 
201!9.5 4 'J 5 38 231 148 83 8641 8717 6. 8 8.0 .) 
2050.6 It 3 5 38 231 14 8 83 8645 8721 6. 8 6. 8 
2051.6 .';3 5 38 231 148 83 8649 3725 6. 8 6.8 
2052.6 43 5 38 231 l t. 8 83 36 53 3729 6. 8 G. 8 
205'3,() I'' t:' ~ r.~ 231 148 33 G656 S732 5.1 5 , ( .~ J J ..- v .. 
2054.7 43 5 3B 231 lil8 [;3 .... ,. , ...... "..,""'r. c I~. (,. H o;,u uv \~ I .J ~r, 
2055.7 !rJ 5 38 23.1 14 8 83 8663 8740 5. 1 6 • .a 
2056.7 !i 3 5 38 231 148 83 8666 8743 5.1 5. 1 
2057.7 .~ 3 5 38 231 lll s 83 i;6(:9 r; 7 45 5. 1 3. 4 
2058.8 /j 3 5 38 231 148 83 86 71 s 7 t; e 3.4 5. 1 
2059.8 !13 5 38 231 l/; 8 83 ?.6 7 3 8751 ~. /; 5.1 
2060,0 I; 3 5 38 231 llt 8 83 86 7 5 8753 3.4 3.4 
2061. f. 43 5 38 231 14 8 03 [;677 H755 J. '• 3.-4 
2062.9 '•3 5 38 231 148 33 86 79 8757 3./t 3. 4 2063.9 It] 5 38 231 148 83 8682 8760 5. 1 5. 1 
2064.9 
'• 3 5 38 231 148 83 8684 S7G2 
3. ,, I 
..Jc ..... 
2065.9 II 3 5 38 231 14 8 83 1.:686 0764 3.4 ') {;, ..J• • 
2067.0 43 5 38 231 14 8 eJ 86 88 3767 3 . 4 5. 1 
206L 0 43 5 38 231 148 E3 8691 [;769 s. 1 3 • I; 
2069.0 43 5 33 231 148 83 869 3 8771 J. t, 3. ,, 
2070.0 4~ 5 38 2 31 148 83 86~6 1}773 5. 1 3. 4 .) 
2071.0 43 5 38 231 14 8 83 8693 8775 3.4 3.4 
2072.1 43 5 38 231 148 83 8700 0777 ::>.4 3.4 
207.3.1 43 5 38 231 148 83 8703 3779 5.1 3.4 
2074.1 43 5 38 231 14 8 ~3 &704 8781 1.7 3. !; 
2075.1 l; 3 5 38 231 14 8 83 8705 8783 1.7 3.4 
2076.2 t, 3 5 33 231 148 83 f) 7.0 7 8 7 8 L1 3.4 1.7 
2077.2 I; 3 5 38 231 148 83 8708 8786 1.7 3. 4 
2078.2 
'· J 5 38 231 148 &3 8709 
(, 7 87 1.7 L7 
2079.2 lf 3 5 3b 231 148 83 8710 8789 1.7 3.4 
20LCi.3 /i J 5 38 231 14 :) 83 8711 8789 1.7 . 0 
2081.3 l, 3 5 38 231 14 8 83 8711 8789 • 0 .o 
20;:;2.J ll 3 5 3b 231 14 8 83 8711 87 89 .o • 0 
20G3.3 
'• 3 5 38 231 148 83 8711 2789 • 0 • 0 20U4,t, 43 5 38 231 14 8 83 8711 8789 .o • 0 
2085.4 43 5 38 2 31 148 83 8711 iJ 7 89 .o • 0 
208(. ,/1 L.3 5 38 231 14 8 83 8711 8789 .o .o 
20fJ7.t't 43 5 38 231 143 83 0711 27 89 .o .o 
2088.5 43 5 38 231 14 s 83 8711 8789 .o • 0 
T I 1·JE R+ R- TOTAL B+ B·- TOTAL ORF OLR SPEED···HF SPE J: D ·- L: 
SEC• c::ns CN TS R CNTS CN'!:.'S CNTS n CNTS CiTS U~TS l~H/LR• I: !·) I] : p. 
20[;9.5 43 5 JB :! 31 14 B 83 8711 ~; 7 B ~.J . () • 0 
2090.5 43 5 38 231 1/; 8 83 t711 ~~ 7 (; 9 'I .o ' l.· 
2091. .s 43 5 38 2Jl 1'-: 8 83 ~~ 7 11 ::;7 89 • 0 • (J 
2092.5 43 5 38 231 14 8 83 8711 ~~ 7 8 9 . 0 . 0 
2093.6 4J 5 38 7.31 14H 83 0711 w7g9 • D . 0 
2094.6 l! 3 5 38 231 llf8 83 3 711 r: n:9 . 0 • 0 
:W95. 6 /f 3 5 38 2:::1 lid) 83 &711 S'/8 9 . 0 • 0 
2096.6 43 5 3 (' 231 14 8 83 8711 ~) 7() 9 . 0 • 0 l! 
2097.7 ~~ 3 5 3[1 231 ll!8 C3 8l11 S78Y • 0 • tJ 
2098.7 ,, 3 5 38 231 11.8 &3 3711 87o 9 . 0 . 0 
2099.7 43 5 38 231 148 83 8711 ~ 789 • 0 . o 
2100.7 I+ 3 5 3H 231 14 8 e3 8711 G789 • 0 .0 
2101.8 43 <:; 38 231 14 0 [i 3 o 71.t 6789 • 0 • •J 
-· 210 ~ . . 8 43 5 30 231 14 8 83 8711 i; 7 89 • 0 . 0 
2103.8 43 5 3" 231 14 8 83 (i711 [;789 • 0 r, (J • \ .1 
2104.8 43 5 38 231 1ft 8 83 871J. i3739 • 0 . 0 
2105.9 43 5 3" 231 14£ 83 H711 B789 . 0 .o 
" 21C6.) 43 5 38 231 14 8 83 B711 B/ 8 9 • 0 • 0 
2107.9 43 5 38 231 148 83 8711 8789 . () • (! 
2100.9 43 5 38 231 14 8 83 8711 ~: 7 89 • 0 .o 
2109.';) 43 5 38 231 14 (j 83 8711 i:i789 . u .o 
21JJ.O 
'+ 3 5 38 231 14 8 83 8711 [ ~ l8 9 .o • 0 2112.0 lf J 5 38 231 14 8 83 8711 (] 89 • 0 • 0 
2113.0 43 5 38 231 1lt8 83 8711 8 789 .0 .o 
211Lt.O 43 5 38 231 1118 83 0711 [) 7 89 .o .o 
2115.1 'f 3 5 38 231 11.8 83 8711 8789 • 0 .o 
211C>.1 43 5 38 231 148 83 8711 078 9 .0 • 0 
2117.1 It 3 ,. ~0 231 14 8 03 C711 
,., .., r . () 
• 0 .0 
..: ~u '·~ I ~., 
l.llb.l 43 5 3tl 2 31 11~8 8 3 8 711 f:789 • 0 .o 
211 9 . / 4 3. 5 38 231 14 8 S3 8711 B73 9 .0 • 0 
2120.2 43 5 38 231 148 83 8711 8789 .o L RV- '1. • 0 
2121.2 t, 3 5 38 231 14 8 83 8711 8789 .o .o 
2122.2 43 r· 3fs 231 14 8 83 S711 8 789 • 0 • 0 ~ 
2123.3 43 5 38 231 14 8 83 2711 e7S 9 • 0 • 0 
2124.3 43 5 38 231 14 8 83 8711 ~> 7 89 • 0 . 0 
2125.3 43 5 38 231 148 83 8711 8 789 .o .o 
2126.3 43 5 38 231 148 8;:1 8711 C789 . 0 .o 
2127.4 43 5 38 231 148 83 8711 3789 .o • 0 
21t0.4 '•3 5 38 231 14S 83 8711 3789 • 0 .o 
2129.4 43 5 38 231 148 El3 8711 878 9 .0 • 0 
2130.4 43 5 38 231 148 83 8711 8789 .o .o 
2131.4 l+ 3 5 38 231 1l:8 83 8711 378 9 .o .o 
2132.5 43 5 38 231 148 83 8711 87 89 .o • 0 
2133.5 43 5 38 231 143 83 8711 8789 . 0 .o 
213lt.5 43 5 38 231 148 83 8711 0789 • 0 • 0 
2135. 5 43 5 38 231 14 8 83 8711 3789 • 0 • 0 
2 L~6. 6 43 5 38 231 148 83 8711 8/89 .o • 0 
2137.6 43 5 38 231 14 8 83 8711 87B9 • 0 . 0 
213~.G 43 5 38 231 148 83 8711 8789 • 0 • 0 
2139.6 ~~ 3 5 38 231 148 83 8711 8789 • 0 .o 
211;0. 7 43 5 38 231 14 8 83 8711 8789 .o .o 
21 /~ 1. 7 43 5 38 231 14 8 83 8711 3789 • 0 .o 
2142.7 43 5 38 231 148 83 8711 8789 • 0 .o 
2143.7 43 5 38 231 148 83 8711 87 89 .o .o 
21l.4.o 43 5 38 2 31 148 83 8711 t>789 • 0 .o 
2145.~ 43 5 38 231 14 8 83 8711 s ~7 89 .o • 0 
2146.8 43 5 38 231 143 83 &711 8789 .o • 0 
2147.8 43 5 38 231 148 83 8711 878 9 .o .o 
2148.9 43 5 38 231 148 83 8711 8789 • 0 .o 
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[;. 8 6.e 
T I 1!1: R+ R·· TOTAL H+ B- TOTAL ORF OLR ~o!' E ED - l~F SPEEI>··L·: 
SEC· ca·s Cl.1 s R Ci.n'S CNTS CNTS Jj CN'l'S CNTS cwrs I:H/LR• :·~1,1/ t~ P. • 
?212. 3 411 5 39 2 31 14 8 83 8883 89 59 G. 8 ~.6 
2213.J !1 L; 5 39 231 1l: 8 83 8fJ88 B? GLI c.6 3.6 
22ll1.4 411 ·~ 39 231 1118 83 889 3 8969 <L 6 8. G -' 
2 215. L! 44 5 39 231 14 8 83 889 7 89 7 3 G.S 6. B 
2216.4 It;, 5 39 231 14 8 83 8901 f\9 7 8 6.8 8.6 
2217.11 4 !: 5 39 231 14 8 83 8905 B982 6.8 6. 8 
22li:.S 411 5 39 231 14 8 B3 8909 8986 6.8 (>. 0 2 '), q r; 44 5 39 231 1/~ 8 83 8913 89 9 J. (,. 8 8.6 
-J.. J • -
2220.5 !; fl 5 39 231 1!+ 8 83 8917 b995 6.8 6' 8 
2221.5 LJ4 5 39 231 14 8 83 8922 9000 (). 6 f3.6 
2222.6 4 L1 5 39 231 148 83 89 26 900/1 6.8 G • iJ 
2223.6 44 5 39 231 14 8 83 8931 9009 8.6 8.6 
2224.6 /! 4 5 39 231 1!.8 83 89 35 :)013 6.8 6.8 
,, ') ') i t: fl4 5 39 231 14 8 83 89 40 9018 8.6 8.6 ._ .. ~ .. ->.u 
2226.7 !; 4 !":" 39 231 148 83 8945 90? 3 8.6 8.6 ..) 
2227.7 44 5 39 231 1ll8 83 89 51 9029 10.3 10.3 
L..., '"' r.· , 44 5 39 231 14 8 83 89 56 903!1 D.G 8. 6 L'-Ue/ 
2229.7 l: 4 5 39 231 148 83 8962 90l, 0 10.3 1.0.3 
2230.8 !t !; 5 39 231 1'· 8 83 896 8 904(, 10. 3 10.3 
223l.t~ I; 4 5 39 231 14 8 83 89 7 3 9051 8. 6 8.6 
2232.8 44 ,. 39 231 148 83 89 79 9057 10. 3 10.3 :.> 
27.33.[; !, 4 5 39 231 14 8 83 89 85 9063 10.3 10.3 
22:>L.J ll4 5 39 231 14 8 S3 8991 9069 10.3 ~O.J 
2235.9 44 5 39 231 ll•8 83 899 7 90"75 10.3 10. 3 
2236.9 4 /i 5 39 231 14 8 83 9003 9082 10.3 12.0 
2237.9 45 5 40 231 1/+ 8 83 9010 903 ~3 12. 0 lO. 3 
2238.9 /1 5 5 40 231 1/18 83 9015 9094 0.6 10. 3 
221, ().0 45 5 '•0 231 14 8 83 9021 9099 1 (). 1 8.6 
') ..., ~ , 1'\ I r" ,. 
' 1"\ 
,., .., , 1 /. f) ('") "/"\ , .. 1 n , "' r~ , ,, ") 1 (I ') 
~.:. ~ ....... v '-"1 -' ..; "f\..1 .:..w~.J.. ~,·U "-' ., v-.. • .. ~ v - · ~ "oJ • ..; ...:.. .\,.. . """ 
2242.0 45 5 40 231 14 8 83 9031 9109 6. 8 r ' · \J ' "' 
22/,J,O 45 5 t.o 231 14 n 83 9036 9114 [).6 3.6 
22lt!l,l 45 5 40 231 14 8 83 9040 9"119 6. e E.6 
221+5,]. 45 5 40 231 14 8 83 90!+ 3 9122 5.1 5.1 
22./d).l 
'• 5 5 40 231 14 8 83 9047 9126 G.8 G. e 2247.1 45 5 40 231 148 03 9050 9129 5. 1 5.1 
2248.2 !! :, 5 40 231 1t1 e 83 9054 9132 6. 8 S.1 
2249.2 45 5 L.O 231 1'• 8 83 9057 9135 5. 1 5. 1 
22.)0.2 ItS 5 40 231 148 83 9060 9138 5. 1 5.1 
2251..2 !+::, r:: 40 2Jl 14 8 83 906'· 91Ltl ().8 5.1 ..) 
2252.3 l; 5 ~ 40 231 148 83 9067 914 3 5.1 J. '· 
22.53.3 /15 5 40 231 1/+ 8 83 9071 9147 6.8 6. 8 
225~.3 l1 5 5 40 231 14 8 83 9076 9152 8.6 5.6 
2255.3 45 5 40 231 14 8 83 9081 9156 3.6 G, 3 
2256.3 45 5 i;.(J 231 14 8 83 90 85 9161 6.8 e.G 
2257.1; 45 5 40 231 148 83 9090 9167 ().6 J.U.J 
2258.4 45 5 40 231 148 83 9096 917L 10. 3 e.G 
2259.4 45 5 40 231 148 83 9101 9178 8.6 10. 3 
2260.!1 45 5 40 231 148 83 9106 9184 [).6 10. 3 
2261.5 45 5 40 231 148 83 9111 9190 8.6 10.3 
2262.5 45 5 40 231 14 8 83 9116 9195 8.6 8.6 
22(,3.5 45 5 40 231 14 8 83 9121 9200 8.6 8.6 
2264.5 45 5 40 231 !Ld3 83 9126 9206 3.6 10.3 
2265.6 t1S 5 40 231 1!~9 82 9131 9212 3.6 10.3 
2266.6 45 5 '•0 231 149 82 9136 9217 B.6 8.6 
2267.6 45 5 40 231 14 9 82 9141 9222 8.6 8.6 
2268.6 lf 5 5 40 231 149 22 9145 9227 6.8 8.6 
2269.7 45 5 40 231. 149 82 9150 9232 8.6 3.6 
2270.7 45 5 40 231 149 82 9154 9236 6.8 6.8 
2271.7 45 5 40 231 149 82 9157 9240 5. 1 6. e 
2272.7 45 5 40 232 149 83 9162 9245 &.6 8.6 
TIHE R+ R- TOTAL li+ B- TOTAL ORF OLR !) I' E ED- j{ F SPLLl)-:. :· 
S!:C• C ~!T S CNTS P. CN'IS CNTS CNTS n CNTS CN TS CN 'l'S KH/ r.r~ • 1~ 1!/LR,· 
22 73.7 I-tS 5 ItO 232 149 83 9167 9249 t:. 6 6. g 
2274.3 45 5 40 2? ') 149 83 91 72 9255 3.6 10. 3 .Jk 
2275.8 45 5 ItO ;~ 32 J./1-9 83 9177 9259 L.6 G. e 
2276.[; 45 ::.; /; 0 232 lil ~\ 83 9181 ~ 26 /t 6.8 3.6 
2277.8 ir 5 5 40 232 11;9 83 9186 9269 "" , 8.6 L" l> 
2278.9 45 5 I,Q 232 14 9 83 9191 9273 8.6 6.8 
227J.9 45 5 /10 232 1'• 9 83 :.1195 92 78 G.8 8.G 
2 2 (~0. 9 45 [ " 40 232 14 9 83 9199 9 2 L ;~ 6.8 6. e ;) 
2281.9 45 s frO 232 11;9 83 92.01; 9287 8.6 8.6 
22C:3.0 45 5 !; 0 232 14 9 83 ') 20 9 92.')2 0.6 8.6 
22 [;1,, () 45 5 It 0 232 149 83 9 2111 9 29 7 8.6 8 .6 
22b5.J !, 5 5 '•0 232 14 9 83 9220 ~) 30 3 10.3 10.3 
228(.0 45 5 40 7.32 14 9 03 9227 9 JO B 12. 0 8 .6 
22C7.1 It 5 5 ItO 232 149 83 9233 ) 31 J 1 () • 3 8 .6 
22UL1 lt 5 5 40 232 U9 83 0237 9319 6 • [. ] I). 3 
2289.1 4(. s ft1 2:32 149 t3 921;3 9 32 4 10. 3 8.6 
2290.1 I, C 5 41 232 11t9 L3 0 248 9329 [;. 6 S.6 
229L 2 46 5 l!l 232 14 9 f; 3 9253 9 JJLl 8. 6 .0. 6 
2292.2 L: 6 5 1-t J. 232 lft9 [,3 9 258 9 31t 0 G.6 ](),3 
7.293.2 4 G 5 41 232 149 83 0 2 6 '· 9 31,. 5 10. 3 8.6 
229'-1.2 46 5 ltl 232 149 83 9269 9350 3. 6 8.6 
2295.2 I, (, 5 '·1 232 149 83 9 2 7 t, 9356 ~. 6 1 a. 3 
2296.3 46 5 41 2::- 2 14 9 B3 9279 9361 8.6 ::-;. 6 
2297.3 4C. 5 ftl 232 14 9 83 9 2 81, 9365 0. 6 6. l 
2298.3 Lt 6 5 41 232 1!19 83 92B9 9369 L. (; (i. 8 
2299.3 46 5 41 232 149 g3 9293 9373 G. 8 6 n • 0 
2300.4 46 5 41 232 14 9 83 9298 9377 8.6 6. r, 
2~ 01.1-t Lf 6 5 /f1 232 ]/19 83 930.7 9382 (;. 8 P,,6 
I') "'r\ ..-, I 1 r ,.. I , ,.,.,,., •t 1 r, 
""' 
., "'"'...., r'\ "'l"''f' " r "t , ........ 
4.. ...; v - • :.;- ., u ..; ., .._ .:.._..;,:_ ..... '"i ;; , , .J ;; JV I ;;, ..;v\..1 v.v .i~ v • _; 
2JOJ.lt t, 6 5 41 232 149 83 9312 9 39 3 3.6 tl.6 
2304.5 46 5 li 1 232 149 83 9318 9 39 [; lO. 3 8. (, 
2305.5 '+·6 5 41 232 149 83 9 324 91,0 3 10. ~ 0.6 
2306.5 !t 6 5 ,, 1 2 32 149 83 9332 9410 1 ~. 7 12.0 
2307.5 46 5 '•1 232 149 83 9338 9416 10. J 10. 3 
2305.(1 !16 5 41 232 149 83 9 343 9 421 (; . 6 8.6 
2309.6 t, 6 5 41 232 llt9 f33 9348 9 ft2 6 0.6 3.6 
2310.6 ~~ G 5 41 232 150 e2 9 35 3 9431 U.6 8.6 
2311.6 46 5 41 232 150 O') 9358 9/;3 7 J.6 10. 3 l>"-
2 312. 7 46 5 41 232 150 82 9362 9 4!t3 (; • 8 10.3 
2313.7 46 5 41 232 150 82 l) 36 7 9 4it 7 8.6 6. 8 
2314.7 46 5 41 232 150 [;2 9372 9452 0.6 8.6 
2 315. 7 46 5 41 232 150 82 9376 91t5 6 6. 3 6.8 
2316.7 46 5 41 232 150 B2 9380 9460 6.8 6. 8 
2317.8 46 5 41 232 150 82 ;) 384 91+6 5 6.8 8.6 
2310.8 4G 5 41 232 150 82 9389 9469 [-,. 6 6. 8 
2319.8 46 5 41 232 150 82 9393 9'• 7 3 6.8 6 ,, • 0 
2320.8 
'· 6 5 41 232 150 82 ~398 9478 
b.6 8.6 
2 321. 9 46 5 41 232 150 82 9 40 3 943 3 0.6 8.6 
2322.9 46 5 41 232 150 82 9G08 9487 8.6 6.!: 
2 32 3. 9 46 5 /}1 232 150 82 91113 9492 8. 6 0. 6 
23211.9 46 5 41 232 150 82 9417 91;9 5 6.8 5. 1 
2 32 6. 0 46 5 41 232 150 82 9 421 9 '~9 9 6. 6 6. s 
2327.0 46 5 '•1 233 150 83 9 4 2l~ 9502 5. 1 5.1 
232l:.O 46 5 41 23 3 150 83 9428 9505 6. 8 5.1 
2329.0 46 5 41 233 150 03 9432 9503 6. 8 5.1 
2 3 JO. 1 46 5 41 233 150 83 9 '·36 9512 6. 8 6. ~ 
2331.1 46 5 /~1 233 150 83 Sl439 9516 5. 1 6.8 
2332.1 lf 6 5 41 233 150 [; 3 9443 9520 6. 8 6. 8 
2333.1 4() s 41 233 150 83 9446 9525 5.1 8. 6 
2331~.2 46 5 t.r 2J3 150 83 9451 9529 E.>. 6 (). 8 
TIHE H.+ R- TOTAL D+ B- TOTAL ORF OLR SPEEV-RF SPE E D- Ll 
SEC• CNTS CNTS R CNTS CI~TS CNTS I> etns CNTS CNTS Ul/a R • h.H / ! d~ • 
~335.2 46 5 41 233 150 83 91,.5/ 9513 10.3 c~. e 
2336.2 46 5 41 233 151 82 ~)!I G 2 95 39 8.6 10. 3 
2337. 2 46 5 41 ~33 151 82 9 ti 6 7 9 5 t ; L; 8.6 0 .6 
2338.2 46 5 41 233 151 82 y 'i i 2 9549 8.6 8. (J 
2339.3 46 5 41 233 151 82 9478 9555 10.3 10 ' 3 
2340.3 1! 6 5 41 ?.33 151 82 94f;4 9561 10.3 10. 3 
2 31!1. 3 46 5 41 .7.33 151 f;2 91.90 956G 10. 3 8 . 6 
231+2. 3 46 5 lj 1 233 151 82 9495 95 72 3.6 10 . 3 
2 3l; 3 • l1 t, 6 5 41 233 151 82 9500 95 7l 8.6 8 .6 
231!4.4 4 6 5 41 23 3 151 82 9505 9582 H. f. E~ . 6 
2345.4 46 5 41 233 151 l32 9509 9 5 t; 7 6. 8 8 . (. 
2 34 G. t, 46 5 41 233 151 82 9514 9592 8.6 8.6 
2 34 7. 5 I, 6 5 41 233 151 82 9518 ')597 6.8 e.G 
;~ 3 4 f, • 5 4 7 5 42 23 3 151 82 952 3 96 0 1 8 .6 6. 1:: 
2349.5 II 7 5 42 233 151 82 9527 960() (). 8 8.6 
2350.5 ll 7 5 42 233 151 82 9532 96 1 0 n. 6 G. 8 
23.:~1.6 47 5 42 233 151 82 95 36 9613 6 • 8 5. l 
2352.6 47 5 l: 2 233 151 82 95110 9 6J.C G. G G.6 
23~3.6 47 5 42 233 151 82 9 5/14 9623 G. e 8.6 
23~)!!.6 II 7 5 42 233 151 82 9549 9 6 2 f;; 8 .6 8 .6 
2 ~55.6 47 5 42 233 151 82 9554 9633 0.6 8.6 
2356.7 II 7 5 42 233 151 82 9559 963G 3.6 8.6 
'}357.7 47 5 42 233 151 82 9564 9:Jtlll o.6 10.3 
2358.7 47 5 42 233 1.) 1 82 95i0 9650 10. 3 10. 3 
2359.7 47 5 42 233 151 82 9575 96 :i 6 G. 6 10.3 
23GO.S tf 7 5 42 233 151 82 9 5 81 9662 10. 3 10. 3 
2361.0 47 5 42 233 151 82 9586 9668 8 , 10. 3 • 0 
236 2 ,['. ,, 7 5 42 233 151 [;2 Si592 9673 10 . J e.G 
:!ju::J.o 'I l .) i+2 23.) .1.51. t-2 0 59 7 '.JGt>u (; • t) 12.0 2 3G4. 9 47 5 ll2 233 151 82 9604 9686 12.0 10. 3 
2365.9 47 5 112 233 151 l32 9611 9693 12.0 12.0 
2JG6.J 4' 7 5 42 233 151 82 9617 9700 1 (J • 3 12.0 
2 36 7. 9 47 5 42 2 3 :~ 151 82 9 6 2'· 9707 12.0 12.0 
23C9.0 li 7 5 42 233 151 82 9631 9 7111 12.0 12.0 
2370.0 47 5 '•2 233 151 82 9638 9721 12. 0 12.0 
2371.0 47 5 42 233 151 82 9645 9723 12.0 12.0 
2372.0 '! 7 5 42 23 3 151 82 9652 9735 12.0 12.0 
2373.1 
'• 7 5 42 233 151 82 9659 974 2 12. 0 12.0 23711.1 47 5 42 233 151 82 9666 9 7 '• 9 12.0 12.0 
2375.1 47 5 If 2 233 151 82 9672 9756 10. 3 l2.0 
2376.1 47 5 42. 23 3 151 82 9678 9761 10. 3 8.6 
2377.1 47 5 112 233 151 82 9684 9766 10.3 8.6 
2378.2 
'• 7 5 If 2 233 151 82 9690 9 772 10. 3 10.3 2379.2 47 5 42 233 151 82 9695 9777 8.6 8.6 
2380.2 47 5 42 23 3 151 82 9700 9783 e.6 10.3 
2 381. 2 !;7 5 42 233 151 82 9706 9788 10.3 8.6 
2382.3 47 5 42 233 151 82 9 710 9 79 4 6.8 10.3 
2383.3 !;7 5 42 233 151 82 9 714 9799 6. 8 3.6 
23~4. 3 47 5 42 233 151 82 9719 9 801>1 8. 6 8.6 
2~85.3 47 5 112 233 151 82 9723 9 GO l3 6.8 G. 8 
23G6.4 47 5 42 233 151 82 9728 9813 8.6 8.6 
23£7.4 47 5 42 23 3 151 82 9 7 32 9817 6.8 6. 8 
23~;8.4 47 5 42 233 151 82 9737 9822 8.6 0.6 
2389.4 48 5 43 23 J 151 82 9 742 982 8 8.6 10.3 
2390.5 48 5 43 233 151 82 9 74 8 9033 10.3 8.6 
2 391. 5 40 5 43 233 151 82 9753 98.39 8.6 10.3 
23~)2.) 40 5 43 233 151 82 9759 98ll5 10.3 10.3 
2 39 J. 5 4 8 5 43 233 151 82 9765 9851 10.3 lO.J 
2 ~9 4. 6 40 5 43 23 3 151 82 J771 985 7 10.3 10.3 
2 39 5. 6 4b 5 43 233 151 82 9777 9862 10. 3 8.6 
Tll1E R+ R- TOTAL !>+ D- TO'i' J\L ORF O!..R ~1 PEE D - LF ~: P L 1: l J - , . r 
SJ.C• c;..; '.is c·· . ., ... ,. ).( (' ' 1 "' <.' CNTS CJ.:TS li c;JTS C'·' " <' c:.; T ~-.; UI/ i.l{ • !, :·i iI ' II. . l,., .L.D ,1, J.. lJ • ~ .L .,) 
~390.6 40 5 ld :~ :n 15 l 82 ') 7 82 ') Q{] 7 C,6 (~ . ( ) 
2~ :17.6 I~ S s ! ') 233 151 82 9787 :J B72 " " 0. G !J \...i • \) 
2J:J8.6 4 " 5 43 233 lS 1 IJ '1 979'2 98/7 8.6 i) . t 0 .t.. 
I J 9 9 . 7 t,[) s 43 '} ':), ,, 151 82 9798 S8 8 3 10.3 10. 3 L, . ; ..) 
2 '· 0 0. 7 IJ3 5 1:3 
2 ".:( ') 151 32 9803 9 8 88 B.6 0 , 
- " ..J (,) • tl 
21;01. 7 48 5 43 233 151 £2 9809 9G 9 4 10.3 10. 3 
2L;02.7 
'• 8 5 
,, 3 233 1 51 82 9 81 l1 )900 8.6 10 • .:. 
,2L;03.C l: 8 5 !+ 3 233 151 c . ') Y820 9 9 0 ~\ 10. 3 B.G <JL. 
2 !f l)l~.t I r, 5 !+ 3 233 1"' 8 2 91325 9911 ~.6 1 0 . 3 '-f(; -.L
21.05.8 /i 8 5 L,3 233 151 82 9830 991C> t:~ • 6 8 . 6 
2 qOG.C l; g 5 !! 3 233 151 S2 013:\5 99 :~ o 2 ·' 6 ,, • 0 • v 
~: /j 0 7. 9 4 ~J 5 43 2"" 151 '-: 'J !')839 99 2l, G.8 G.(; . JJ "I.. 
~ I.; 0 ::'. 9 /! r.: 5 43 2 :~ 3 151 IP 9 8lf;~ 99 2 ;} 5. 1 G ,, 
-
• 0 
21:09 .9 '~ [~ r:; L, 3 233 151 8/. C) E; ·\ (j 9 Y:n 
, 0 5. l \,) • ( I 
2<~ 1 0 . 9 L, ~~ .') 43 2 " .... 1 51 82 9 8 '• 9 ') I) ~~ :J ~' 1 (. . 8 _, ,j 
2!;12. 0 I.; 8 5 43 233 151 82 9a 5 J <') ~.) (..; G. U .'i. 1 
2/11.3.0 t, & 5 1,3 233 J. 51 82 I) 85 () 994 2 :; . l • r> l) • ,, 
2 I; lf1, 0 L, G 5 I, 3 233 151 (; 2 9860 0 9 ! , :i (; . 8 5. 1 
:' td5.0 48 5 43 233 151 P" 9864 9 9 ~~ 9 c. s (,.0 JL
?1: 16.1 4 8 5 43 233 151 8 2 98Ge 9 9 :> l , 6. 8 [; .6 
2 4 17.1 1,8 5 43 233 151 32 9 8 7 ~~ 9 9 ~; i) G. 8 G. 8 
:U.lS.1 t, r, 5 !;3 233 151 82 IJ8i'6 99G2 G. 8 6. 8 
~~LrJ.:; .l t, s ~ 43 233 151 sz 987 9 9 ~i 6 .'i :; . 1 5 , 
-' 
• .!. 
2 ·~ :: 0. l It [; 5 !, 3 23J 151 32 9f:Bl ~) 6 (; 3 I 5 .1 . ..; 
21.; 21.2 48 5 43 233 151 f' 'I :18 84 9 9 7 J. 5. 1 5. 1 ).._ 
24~: 2.2 48 ) 43 233 151. S2 9889 ') 9 ]ll 8.6 5. 1 
2 4Z3.~ t, G 5 l; 3 2j3 151 82 9 [l~ 1 9 'J77 3. !; .) . 1 
2 L. 2q. 2 fd) 5 43 233 151 F2 9893 9 9 7Si 3 • I; :, . 4 
2c'::~ 5.J l , G s l, 3 ')"") ") 151 [;2 o o c -- 99 82 " . 5 . l ,{....,;..; J--~:1 ..;.t.; 
2i; 20.3 4L ) 43 !.J3 15 J. 82 9897 9 9 t; t; 3.4 3 .4 
2 /t27 . .J ,, 8 5 43 233 151 82 ~~ 89 8 998 5 1.7 1.7 
24;~r.3 40 5 43 2')') 151 82 9893 9 93/ • 0 3.4 JJ 
2~29.4 ,,·c 5 
'• 3 233 151 82 9899 99 88 1.7 1.7 
2.';30.4 4 8 5 43 233 151 82 9900 99 8 9 1.7 1.7 
2 !, :.n. 4 48 5 l; 3 233 151 82 9901 9990 1.7 1.7 
21! 32./f 40 5 4J 233 151 f:2 9901 9990 • 0 . c 
2. 1: 3 3. 5 4 [; 5 43 233 151 82 Sl901 9990 • 0 .o 
2 L, J It • 5 48 ... 43 233 151 82 9901 9990 • 0 .o .:> 
:>ti:~ s. 5 4 ' 5 43 233 151 82 9901 ~991 • 0 1.7 0 
2·1, 36.5 40 5 
'• 3 2 33 151 U2 9 901 <) 991 • 0 • 0 
2.!1 3 7. 5 48 5 43 233 151 82 Sl901 9991 • 0 . 0 
2!138.6 l; 0 5 43 233 151 f.2 9901 9991 • 0 . 0 
21,39. (. 4 8 5 43 233 151 82 9901 9 9 9 J. • 0 .o 
:-~ LtL~ O.G 48 5 If 3 233 151 [;2 'j 901 99 9 1 • 0 . () 
21; !;1.6 l " 5 
'• 3 233 151 82 9901 99 9 1 .0 .o ~ 07. 1..0 2 .7 4 8 5 43 2 33 151 8 2 9901 9 9 9 1 • 0 .o 
244 3 .7 . () 5 43 2 3 3 151 82 9901 9991 • 0 .o 4v 
2l; 4 ,, • 7 48 5 43 2 33 151 82 9901 S'99J. • 0 .o 
241~5. 7 l ; 8 5 43 233 151 82 9901 99 9 1. . 0 .o 
2 !! L.6.3 4 8 " 43 233 151 82 9901 9 ') 9 1 .o • 0 .,) 
21.; 1,7.[; /j 8 ,- 43 233 151 82 9901 9991 • 0 .o ;) 
2 4 4 £..8 43 5 1,3 233 151 32 9901 9 991 .o () • v 
2 '• !t 9 . 8 4& 5 43 233 151 82 9901 9 991 .o .o 
2!;5 0. 9 4 8 5 43 2 33 151 82 9901 9 991 .o .o 
~ 4 5 1. 9 4 0 5 43 2 33 151 8 2 9 901 99 91 • 0 .o 
£ ~ :5 ::: .9 4 0 5 43 2 33 1 5 1 8 2 9901 99 91 .o . CJ 
2!,53. 9 !f 8 5 43 233 l.Sl 82 9901 9 991 • 0 • 0 
2/· 5 .5.0 I (l 5 l; 3 233 151 82 9901 9 991 . 0 • 0 'I 'J 
2f, ) G. I.J 4 8 5 i, 3 233 1 51 8 2 9901 ~991 • 0 .o 

























2 It tJ(J. 5 
21![.: 1. 6 
2LIL2.G 
2 Ld;; 3. 6 
2 .'., [) ti • G 
2.40)./' 
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·' ,_,· ,· 
T JHI : n+ R- TOTAL D+ B- TOTAL ORF OLR S PEl: li-l~ F SPEED-L; 
SEC· Ci-~ '1' S CNTS l~ C!'; TS CNTS c~n s ]; CNT S CHTS CN'l'S Uf/lr-. • 1:1'-1 I I1 R • 
2519.4 L1 8 5 l! 3 2 33 151 ['':I 990 1 0 9 <) 1 . 0 • 0 u. .. 
2520.5 ~~ D 5 L1 J 233 ].5 1 8 2 99 01 9 9 91 .0 . 0 
2521.:;, l, s 5 43 233 151 1>2 9 901 9 9 9 .l • 0 • (J 
2522.5 ld..\ 5 43 233 151 82 9 9 0 1 99 91 • 0 .o 
252 3.5 !~ 8 5 
'· 3 233 151 H2 99 01 9991 
. 0 • 0 
2521! ,6 4 ~~ 5 43 2 33 151 82 0901 9991 • J . 0 
252 5 . C 1-18 5 !1 3 .?.)3 151 [~ 2 !) 9 01 9991 . 0 • 0 
2.5~:: (~ .6 40 5 43 2 33 151 82 :j 90 l 9~9J . 0 • 0 
2527 . 6 /; 8 5 43 233 J 51 82 ~901. 999 1 .o . o 
2s:zc;. 7 l (' 5 I; 3 2 33 1 51 82 990] 9991 . 0 .o lu 
2529.7 40 5 43 233 151 [)2 '.)901 99 91 • 0 • 0 
2530.1 It [; 5 lj. J 233 151 £2 9901 99 91 • 0 • 0 
2 53L 7 48 5 4 3 23 3 151 82 99 01 ') 9 ~) J. . 0 . 0 
2 5 32. 8 4" s 43 2 33 151 82 99()1 9991 . 0 \0 · 0 
') c: ,_., ,~ ~ I ( ' 5 43 23 3 151 [:2 9901 99 9 J. • 0 • 0 
-..J . .J - · . (", 'i v 
25 J!.; . G !-1 [; 5 /1 3 233 151 82 9901 9991 • 0 . 0 
253 ~>.~) 4tJ 5 43 233 151 [,2 9J01 9991 • 0 . ) 
253 C: . 9 li {) 5 L13 2 33 151 0') 9901 9 S/9 1 • 0 . u o'-
253 7.9 4 8 5 43 233 151 B2 9 901 9 991 • 0 • 0 
253(;.9 ld} 5 43 233 151 [:2 9 90 1 9 9;1 :!.. . 0 . () 
2 539 . 9 L: (' 5 '•3 2J3 151 82 9901 lj 9 ~ 1 • 0 • 0 . u 
2540. 9 II L 5 '•3 233 151 82 ~ 901 9991 
•) 
• CJ • ,_J 
254~.0 
'+ 8 5 43 233 151. £2 1_.1 901 9991 . 0 .o 25L;J. O L, [:, 5 43 23 3 1.')1 82 9901 99 91 • 0 .o 
25L: l+ . 0 4 <' 5 43 233 151 8 2 9901 ~J 9 9 l ,() . 0 l' 
25lt 5 . J 4i:> 5 43 L 33 151 82 99 01 9991 • 0 .G 
254(, .1 43 5 43 233 151 82 9901 ~991 .o .o 
25l; 7.1 I· ~' 5 I, 3 1 33 ] 5 1 82 S•90 1 9 9 91 . 0 • C! : . ,J 
,..., r- 1 .-.. .. 5 43 233 L>l c;:.; ~YU.l iJ~'JJ. • (j • 0 .~ ..) ~1' lJ • .i.. ... t l.J 
2549 . .1. /18 5 43 233 1 51 82 9901 999J • 0 • 0 
255 0.2 4~ 5 43 23 3 151 82 9901 9·9 91 .o . 0 
25')1. 2 4[; 5 43 233 151 82 9901 9991 . 0 • 0 
2552. 2 4 8 5 /13 233 151 82 9901 99 91 • 0 • 0 
2553.2 l : [, 5 ll3 233 151 82 9901 9991 • 0 . 0 
2551: .3 ' · q 5 43 233 1.51 82 9901 9991 • 0 • 0 .. , ~ .. 
2555.3 !+ c 5 43 233 151 82 9901 ') 9 91 • 0 . 0 




255i'.3 I+ 8 J 43 233 151 82 9901 9991 . () • 0 
255 G. 4 48 5 43 233 151 82 9901 9991 • 0 .0 
2~59.4 4[; 5 l; 3 233 151 32 9901 9991 • 0 f'\ ...... 
2560.4 /!() 5 43 233 151 82 9901 9991 • 0 .o 
2561./1 !+ 8 5 43 233 151 82 9901 9991 .o .o 
256 2 .4 48 5 ll3 233 151 f;2 9901 9991 • 0 .o 
25G3.5 l+ 8 5 43 233 151 82 9901 9991 . 0 . 0 
2561 •. 5 48 s 43 233 151 82 9901 9991 . 0 • 0 
25(,5.5 11 8 5 43 233 151 02 9901 9991 • 0 • 0 
2566.5 48 5 43 233 151 82 9 901 <.J991 • 0 .o 
2567.6 4S 5 43 2 33 151 82 9901 9991 • 0 . 0 
256t. 6 4b 5 43 233 151 82 'J901 9991 .o • 0 
2569. () 4 8 5 43 233 151 h2 9901 9991 .o • 0 
2570.(1 48 5 43 233 151 82 9901 999 1 .o . 0 
2571.7 t;t; 5 43 ~33 15 1 82 9901 9991 . 0 . 0 
2572.7 48 5 43 2J3 151 82 9901 ') 9 9 1 • 0 • 0 
2573.7 48 5 '•3 233 151 82 9901 9991 • 0 .o 
257L+.7 4& 5 43 233 151 £2 9901 9991 . 0 .o 
2575.8 48 5 '13 233 151 82 9901 9991 .o .o 
257G.8 4£ 5 43 233 151 82 9902 9991 1.7 . 0 
2577. 8 48 5 43 233 151 82 9904 9992 3. ll 1.7 
2578.8 48 5 43 233 151 82 9906 9 9 9/1 3.4 3.4 
2579. 9 4 B 5 43 233 151 82 9909 9996 5.1 3.4 
Tl!!L 
sr.:c · 
25[)0 . 9 
25£1..~ 
2582 . ~ 
25&3 . 9 
25C.J . ;) 
258G.O 
'2.587.0 
25GIJ . O 




2593 . 2 
259 ... 2 
2595 . 2 
2596 . 2 
2597 . 3 




2602 . 4 
2603 , /1 
2(,0lt . 4 
2605.l; 
260G . 5 

















2G24 . 9 
2625 . 9 
2626 . 9 
262f.O 
2629 . 0 
26 30.0 
2631. () 
2(,32 . 1 
2633 . 1 
2(·31,,1 
2(l35 . l 
2636.2 
2637 . 2 
2638 . 2. 
2639. 2 
















































































































'• '• 44 
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4il 
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10 2 76 
:)PEED-RF 
U1/l.H.• 
j . !, 
j • l 
.'.i . 1 
5 . 1 
5. J. 
.. 1 
.) , _ 
'-' . l 
.).J. 
.) • .1. 
.:.i . 1 
(, .. [; 
G. e 
(, . 0 
10 . 3 
t: . G 
[~ .. 6 
10 . 3 
2 . 6 
10.3 
10 . 3 
" ,. l' • v 
() . 8 
6 . 8 
G. 8 
G • [; 
6 . 8 
~ ' J • .... 
t; . u 
8. 6 
8 . G 






l 0 . 3 
0 . l\ 
10 . 3 
£. . 6 
12 . 0 
1 0 . 3 
10.3 
10 . 3 
10.3 





l (}. 3 
0 . 6 
10. 3 
(,. 8 




S l' E E lJ- i. i.~ 
,,J.! I i.l~ • 
3.4 






5 . 1 











{' . 6 
10. 3 
1 0. 3 
10 . 3 
8 . 6 
8 . 6 




(l • t: 
8.6 
r, • E 
10 . 3 




0 . 6 




12 . 0 
10. 3 
10 . 3 
10.3 
10.3 
10 . 3 
10. 3 
12.0 
10 . 3 
J 0 . 3 
10 . J 
8 . 6 
8 . 6 
5 . 1 
5 . ] 
.5 . 1 
5 . 1 
5 . 1 
(i • 8 
TIHL I{+ K- 'iOTAt J>l- ]',- '~·c T !). L OI~r GLR :~ r E E IJ- 1: F ~)l'i:LlJ- .. ! 
SJ3C • C.i'.1. S r . ' .: • " C i" T S c:~ T ~' C~\ TS 
,., ens C~·JTS CJTS J,:·l/ LR • ~ -.:· ;_ I j J 1{ • 
..... .~. ·. J. 0 ., JJ 
~GL;2.J r r· :> 45 2J L! .152 ,, ') 101 ')9 lU2C U { ~ . [; r,, B _; .) o ~-
:?.Gl,J .J 5u r· I C' :!. J '• 1~2 "? ], 0 2 ()!, 10 2 [:!; L. G 
,• ,, 
.) 1.: ;.; t•- '.) . ( , 
2G44.3 5U s '" ~; J ~~ 1 5 2 [:2 1021)L j i) 2 u 9 l: • 8 ; • G '•;;
2 61;5. !; Sil ,- q.J , ,, I 152 LL. 10212 JiJ :C9 3 
( ' r' 
;; "~..) ~ • ..~ .. u '.1" C• 
2 (; L! (l • I; ~0 5 1 r: :!.Jq 15 2 r·.., 102.1() .1029/ (, . 8 tJ • (j '-T..J u {. 
2 G I , 7 . !; 50 ;,; !! .) :: 3l; 1 " ') ~ 2 1021;! l0 3i.l 1 j . 1 ~·j. 0 ;) ·-
2 61; c. 4. so s I , ;.~ J /~ J ,. ') 02 10222 J OJ U5 :.. . 1 G.8 ; .) . . ) "-
2 G !1 :! • 5 50 5 4!i :£. J /l 152 02 10 2 2 L; 103\ii: J • '~ ~j • J 
2C5.J.S 50 5 II 5 2 3/1 152 82 10227 J()Jll ') • 1 j . l 
2651.5 50 " 
4'. 2 3~ 1'"') (> ') 10231 j()JJ.5 c.s (, . u ,) J '· ~ ) ... 
2G5 2 .5 50 45 ? ·~ I lr:? G~ 10235 1U.J20 ( 8 [' . f J .... ..,•1- .J- . 
2G5J.G 5U ,. 45 2 34 152 ?2 102 30 11n2s G. 8 8.6 ;) 
2 (i 5 / f • (; 50 .'"> 
'· 5 2 J L1 15 :~ 
( \ ') 10:!111: 10330 " r 0 . (j l,. j •• < • u 
2(l5S.6 50 5 '•5 2 3 /t 152 ;:;:c. 10 ?:'1 9 l'JJ:)() <· (. J 0 . 3 ( .. "._) 
2656.(} 50 r:. l: 5 2 JL: 15 2 ( o ' J 10 25 5 !. 0 :14 2 lG . J 1 ~) • 3 
-
(j .:, , 
2C'J 7 . ... 50 :> 1,5 234 15 ~~ f2 1026] ]( l3/•2 JO. 3 : () . 3 I 
26.5D. 7 50 .:; li~ 234 ]52 8?. 102(J7 .1 0 3 5 ,, 1 (J . 3 J ~ ~ • ~) 
~65~. ., sn r· 45 2 3l; 1 ,. " E2 102/3 10 3G O 10 . 
') j (J • -. 
I v _) . ;) "- ..J ..; 
2 (l60. 7 50 5 lf5 23ft 152 [' 2 10279 H)36G l () . 3 1. () • ') ..1 
2 G (,1. ,. 50 r · I .. 2 Jl: 1 s 2 ~ ; 2 102 EG 10373 12.0 _l 2 . G '-' ;; ; :) 
2662. C· 50 5 45 2 3/f 152 C· 'l }0292 1 0 37~} 10 • 3 lu . ") 0 ... ,.: .. ..1 
2 E U ~. \ " ~n 5 45 2 3l; 1 :) 2 ,..., 10297 103[)5 0 .6 llJ • 3 v .) .. (.L 
2 (,(;,/; . t~ 50 5 45 ?: ' 152 'f; :~ 10303 103~ 1 10. 3 l (i . ::; 'I 
26(:5.[:: 50 5 lf5 2 3'• 152 [:2 10310 10397 u. (J .l J . 3 
2(,66.9 50 5 L: 5 2 Jl1 153 ("":1 10316 l t.: Lt03 10.3 .~ () . ") -• 
26G7.9 50 5 1:5 2 ') r· l5 3 f ; ') 10 3 2 :~ 10 11() ~) ll) • :j l•.J. 3 .J;} \ .) .. 
2C6t..J 50 5 45 235 154 il l 10 32 8 101; 1 5 J.U. 3 10.3 
2(.(,9. ') 50 5 I ,. 235 1 5 L! (,l 10334 10~22 lU. 3 12.(1 I.J 
. -- . . 23~ ~- c 34 c .. ·' ' , ", ... ., r. "' 
.i. v iJ . • u Jli ;) lf J J._ ~J .:, l..l j _ J.. lJ .... J ..'. (J ..i.. 'J • .) .l..v •..; 
2 ti 7 2 • 0 50 5 1;5 235 J.SI, ~~ l 10 Jl, 5 1011 3 5 [> . 6 .12. 0 
2673.0 50 5 l;S 235 15l; 81 10350 J0 4 41 b . 6 10. J 
'2671,,0 50 5 t,s 23.) 15ll (' ' 10 35ll JOL,.'I(, (i • 8 r - ~-c..L (. • lJ 
2675.1 50 5 4.J 235 154 (:', l 10359 l0 {f 50 (; . 6 G.8 
26"76.1 50 5 'C: 23.) 15 4 El 10363 104 5 I; () . 8 6. ii lf _, 
267"/.1 so 5 I:U 235 151+ t'l 10368 10 1• :i e (:I 6 6 . p, 
2 (, 7[;. 1 50 ·~ L, 5 ? ~ .. 154 g1 .10372 ]0!,(,3 6. 8 8 .G .J .. ..) .) 
2679.2 5 0 5 L,S ~ .. , r: 15 4 81 .1.03 7 7 JOL.GS (l. 6 (";, 6 t . .J .J 
2 (, (i 0 • 2 50 5 45 .... ... , ~ 151+ 21 i03ii2 10 ,, 7 3 : ~. 6 8.6 
' · .j .J 
2 6 (:;] 2 50 5 45 2.,r: 154 G1 10327 10 4 7 8 () . 6 ( ' ., . ..J..J lJ. t.J 
26 02 .2 5.) 5 l;S 235 1511 DJ. 10393 10!. E;l, 10. 3 10 . 3 
2683.:l 50 5 l,S 235 154 f;l 10 39 9 1 c 1;91 10. J J 2. 0 
2 G 84. 3 50 5 45 236 15 4 82 10/;05 JOL1 ~ 7 10.3 l () • 3 
2 G 85. 3 50 5 45 236 155 31 J.Ql,10 10502 0. 6 8,6 
26b6. 3 SJ 5 1,5 2 37 155 82 101116 10509 10.3 .t 2 . 0 
2(lt7.3 50 5 45 237 156 [i1 10422 10 5 1-'• 10 • ') 8.6 ..J 
2obJ.4 50 5 45 238 156 82 ]Ql, 27 10520 3 . 6 10.3 
2689.4 51 5 46 238 15 ll 82 10433 1052 5 10. 3 8 . 6 
269J,lf 51 5 lt6 238 15 6 [;2 10438 10530 8.6 r . o 
2691. 4 51 5 L! G 238 156 32 ~ 04t'f 3 105 36 c. 6 10.3 
26SI2.5 51 5 46 238 1.'.i6 £2 10448 10 5 L; 1 [$ .6 8 . 6 
2G93 • .J 51 5 ll6 238 15 6 82 J.fJ452 10545 (, . 8 6 . 8 
2 (, s· 4. 5 51 5 46 238 156 £2 10456 )0549 6 . 8 6 " • 0 
2GJ5. 5 51 5 46 23 8 15 6 (•? J.QI,6J. 10554 0 . 6 8 .6 {,_ 
2696.6 51 5 46 238 156 32 10465 1055 8 c.s 6 . 8 
269/. G 51 5 ll6 2 38 1S6 82 10it 70 1056 3 ~~. 6 8.6 
2(i';if,.(, .:. 1 5 l;6 238 156 82 10475 10568 E. 6 [: , 6 
2699.(, 51 5 46 238 156 82 10ft 79 10572 6.8 E. 3 
2 7 00 . 7 51 5 l;6 238 156 (..2 10484 105 7/ 8. 6 (:,6 
2 701. 7 51 5 46 238 156 £2 104 89 J.050J. 8 .6 (, • 8 




























































































































































































































































































































































































































































































































}t)(i 3 2 
JC633 
l Q (./f 3 
JOG49 
]0(/55 
]_(J () (j 2 
lOG(,/ 
106 711 










lf) 7 ;s 










10 H :S 
10788 
10791 
10 79 3 
10797 
10302 
10 eo 7 
10 &12 
10818 
J 0 r. ~~.~. 
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;_: PJ·:J.:: J;-·J. •' 











1. 0 c 3 
10. 3 
" r i.). f.) 
l O. J 
10. 3 
Jl 0 ('1 
(, , 
























_) . 1 
5. 1 
3. 4 















10 • .3 
e.G 
8.6 
Tl llL 1~-r r~ .. - TOTAL L+ ]~- TOTAL ORF OLR SPEEJ)-i{F ::; 1' E [ l.l - J. l~ 
SEC· C:~TS c . ~., . (' ,, CI\TS Ci:TS c.; TS T.' Ci'J'f S Ci'fS C:l T~> Lil/LR• 1.~1S I ~ .1: . • .. , ;.. .. l h ..... 
276.:).1 52 5 !.f 7 2 38 15 ·; Bl 10 800 10 899 10. 3 J O.OJ 
2'1 6(: .2 . ') ,. I, 7 238 15 7 fl 10 805 1090t~ i\ ,6 3. c ~- _) 
') -~ ,. ~ . ..., 52 s 47 23S' 15 7 [ ;2 lOBlO 1U91C [. 6 10 . J ,_ 1 tl I •. ~ 
275£;.2 " ') 5 1;7 239 15 7 "') 1081(, 10916 10.3 HJ • .J . ) ~ u .. 
2769.2 5 2 5 ,, 7 23) 15 7 82 108:'.2 JOS>22 JU.3 J.(l, .... .:> 
27'70.3 52 .) t, j 239 15 7 82 10B2B 10~)28 j 0. ) 10 • .::; 
2771.3 r .·, 5 47 239 1.5 7 b2 108::l~ 1093/1 10.3 J.() . ~ .)L. 
277?.3 sz 5 l : 7 239 15 7 C2 }0839 109 39 8 .6 (j. 6 
27~13.~~ ~ ') 5 i, 7 23) lS 7 82 10 81,5 1094J .1.0. J r () :J ·- u. \.-' 
2 7 7 4. I.; 52 5 !; 7 ~39 15 7 1.:2 10850 10 9 ~~ 0 e .G &. G 
2775.1, 5 :' " ,, 7 23Y 15 8 £1 10 85 I, 1095 3 G. G g ~6 ..J 
2776.1; 52 ~~ I, 7 23') 158 fD 1085 9 J 09 5D " • 6 ( ; . () c
23 7 7. L, 5J 5 I ,.-, 23 ~) 15 8 C1 10 86 ,, 10';)(1 ] [. ~ . 6 ~ . G '·tu 
2/i' L,S 53 ,. ld:) 239 15 8 81 10SG8 10967 (). 8 r, n :> Li . \,. ) 
27i'9.5 53 ) t, 8 239 J.5 e 121 10D73 189 7L ~~ .. c (:. (, 
27G J .5 5J ) L: [l 239 15 8 81 1087(; 109"18 r . 6 lJ . ':' .i 
2?81.5 SJ 5 L.s 239 158 81 108 B4 10983 lO.J z~ .. G 
2 7 C'J .. • (; 53 <' 1: B 239 15 e [1 10890 ]()~: [\<) 10. 3 lG. 3 _) 
2~(\"') ;: r·.., r; I;[; 239 15 3 01 10 t~95 109:J~j ("' ,. ] \.). 3 I \..• .J " lJ _) :, 
· ' 
\:•. 0 
2 7 f:J .. (J c .., c:; 4" 239 15 s fn 10900 11001 ;; • 6 10. 3 . .i J ..J 0 
27 8S .G 5 3 ,. 48 239 15 8 Gl 10905 11006 ~ ~ . 6 ~; . (.; :> 
2/t~ Cl.G (''I 5 /; 8 239 15 G 8 1 10909 1 J 0 1. J. (; . 8 ~' ( :JJ "'' '-' 
27.~~· •• 7 53 5 4E :L 3 9 15 8 81 10~)1/l 11016 !; • 6 B. 6 
2 7 8[ . • 7 53 5 48 239 1s e [;1 10918 1102.1. (:. 0 L . 6 
27 B:J.I SJ 5 48 239 15 G t:1 10923 110.2 7 ~~; . 6 lG, 3 
2790.7 5 3 5 ll () 239 15 8 "1 10 92 ~ 1] 0 32 10. 3 ij .6 l ) ...... 
2791.3 " .... r:; ' " 239 15 8 81 109Jl; 11037 
(' " ~,.G J .) .. 10 :.; • t.J 
27Sl '?. . [- 53 5 l fl 23) 1s e n 109 40 ])0/!J 10. 3 Hi -.3 , ..., 
27~) ~).0 ' r. 2.30 l5 0 (;l .iu:i46 l. :;._ ~ ,'t 'j :. 0 .. .3 :J _, .) '-il) i. •\.) •.. ) 
'2791+. b 53 5 I, 8 239 15 8 81 1095 2 11.0 55 lO.J JU,3 
2795.9 r '• 5 '·8 239 15 3 81 10~58 ]}.(J(jl 10. 3 1 0 . 3 ;).) 2796.J 53 r:- 1,8 239 15 8 [;1 1096/1 110GG 1U. 3 r• , • .J '-• • r.; 
27')7.9 ,. " , .. lt8 239 1-,.., 01 10969 11072 ' · ' 10. 3 ;)..) .J :Ju <.}. b 
27)[5.9 c:. ") ,. !; 8 239 15 8 U1 10975 Jl073 10.3 10 • 3 
..J..J J 
2t00.0 53 .') 48 239 15 8 81 10981 110C3 10.3 2. G 
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3106.1 61 6 55 2lt1 159 t:.• ? 12 52 9 12667 t'l (. s. (, ,.) ..... 0. , ) 
31 Ci7.1 6J. 6 55 241 159 02 12533 12G 71 c. 8 
r Q l) e .._, 
310G.J. 61 6 55 2ltl 15 9 ('•") 12538 1~6/G 8. G ;~ . 6 v .. 
3109.1 Gi 6 55 2111 159 &2 12543 12(18;) [..6 ' (' \.) . .:.) 
311 0 .:!. 61 6 55 2111 159 82 12 5!, 7 12685 (,. 8 '( , , (;. u 
31J 1. 2 61 () 55 241 159 C:2 12552 l~GSJ 0 .6 G. 8 
3112.2 G1 6 55 241 159 02 125.56 12694 6. 8 2.6 
3113.2 67. 6 56 2111 160 Cl 12 561 1 26 9(: ~--. G G. [; 
311 !, • 2 62 6 SG 241 160 B1 12566 1L703 0. 6 G. 6 
3115.3 G2 f'. 56 241 160 01 12 5 71 1270L ~. 6 8.6 v 
3116.3 G., 6 56 2/12 161 81 12 57 s 12 71.3 t> . 8 G.6 
"' 3117.3 62 6 56 242 161 21 12500 127JG 8 . 6 &.6 
3118.3 G2 6 56 242 161 31 12585 12 72 3 G.G t. 6 
.'3119.4 62 6 56 242 161 (:1 12590 12729 ~;. 6 10. 3 
3120.4 62 6 56 242 161 B1 125~6 ] 2 7 31, 10. 3 0.6 
3121.!, 6 2 6 56 242 161 81 12 G 0 :~ 12 7 4 ~) JU • 3 1 () • 3 
3122.4 62 6 56 242 161 81 12607 1 !. 7 /1 (, <:. 6 l 0. 3 
3123.5 62 6 56 242 161 81 12(J1J 12752 10. 3 18. 3 
3124.5 6::'. 6 56 242 161 81 12 () 18 12/57 1; . 6 (;. 6 
312.).5 62 G 56 242 161 81 1262 3 17.763 G. 6 lD. 3 
3126.5 62 6 S6 242 161 81 12G29 12 7G c 10. 3 f;. 6 
3127.6 62 6 56 242 161 f-1 12 6 Jl1 12774 8.6 10. 3 
3128. 6 62 6 56 242 161 fl 12 6 39 12779 C.6 8 .6 
3129.6 62 6 56 2'..., 161 81 12645 12 7 35 :;_o. 3 l0.3 4<-
3:38.G G2 6 56 21+ 2 161 31 12650 1 2 790 2 .6 8.6 
JJ31.7 (i2 c 56 2112 161 Sl 12656 1279G 10.3 10. :·; 








"' , , , r: r . 














315 3. 2 
315 I; • Z 







31 b :: . • ' · 
3~. C3.Li 











317 ~. 7 
3170. 7 





318 2 .G 
3183.9 
3l f l;.9 
31L5.9 
3186.9 






31 9 1;.1 
· ·· ..t.. h. 
























































































































































































2. 4 3 
2 If 3 



























































































































































































12 7 2 8 
). 2 i' J-.7. 
1273S 
12 7Ll [j 
12 7/:,~l 
l2 'IS 3 
1275':J 





12 79 3 














12 86 0 
12 (l(,t; 
12869 
1.2 [; 7 4 





















1 2 ~'. 10 
1 2 ~: 1G 
1 2 [~ 2 1 
.1 L 8 ~~ 7 
1,... n ., " 
-- L- \ .J . ) ..) 
11-8 39 
.1.2 D L1S 
12851 
1 !8.) 7 
12G6~ 
1 2 f;.(l 9 
12 [j 7 5 
1 2. e BO 
]28[,5 




12 9 ]_{! 
:l20:i.O 
J :~ 0 ~~ 5 
l2S':Il 
1 203 6 
J. i: 9 /1 l 
l 2 '.J 45 
L~ 95 0 
L~C: Sl; 
1 2 ?59 
129Gtt 
12969 
12 9 7 :1 
1. 29 /8 
1 29 81 
1 2985 
] 2989 
] 2 ')93 





1 3 0 2 2 
1302 7 
1.30:H 














] 30 64 
~iPl:En-. ;:. F 
l~H I~ R ,. 
L.6 
] 0. J 
(; . 6 
lO. 3 
;: . (] 
10. 3 
Hi. 3 
1 (i. 3 
12.0 
( .• 0 
10 . 3 
2 .6 






J.O • 3 
10. 3 
L.6 





l~ . 6 






.:) • 1 
8 . !.) 






















Sl.' EL D- ! .. ; 
kll/ ~ . !·~ · 




lC . 3 
l 0 .. 3 
] :J. 3 
10. 3 





,.. ~ ( .: .. l ) 
[ .. 6 
1 (; .. 3 
2. ti . 5 
l 0 . -, 
10. ~: 
10 • . 3 
0 !~ 
.... . ....  
~ .~ 
: ? 
•.J • v 
G. G 
(• , 
l • c 
:· ( • 






5 . 1 
G.e G.e 
0 . 8 







(, . 8 
8. 6 
6 . e 



































32 1C. ( 
32J.i.C· 
32][: . ·1 
3219.7 
32 2. 0.7 
3 2 21./ 
"'' ' \ 'I ' ,-. 
.:· # ,. ~- 4.' • • ,_, 
jiL .:J .u 
3 2 L II • [ ; 





3 2 31. 0 
3 2 3L. J 
3 2 3J.O 
3 2 JLJ . 0 
3 2 J5.J. 
323C.1 
32::; 7 . 1 
3238.1 
32 39. 1 
324 0 .2 
32 41. 2 
J21, 2 . 2 
321,3.2 
32114 . 3 
3 2/1 j, J 
3 211 G. J 
32117.3 
324L. 4 
3 2 1;9.4 
3L:5u .4 




3 2 55. 5 
R+ R-
C!\'l'S Ci~'l'S 











6 3 (l 
G 3 6 
6 3 G 
















G J u 
63 (, 





























































































































2 i; 7 
24 7 

























































































































































12 9 2 9 
12931 


































































1 J 0 (, 7 
13091 
1 .3 095 
JJ l OJ 1:nos 
J 31 11 
13117 





1 J 15 [~ 
1 31 G /1 
1J1G9 








13 2 10 
13214 
1J217 
1 3 221 
13 22 G 
1 3 2 3 0 
13235 
1 3 239 
132 4 2 
132LI5 
13 2 !1 7 
1J21t9 
13251 













1 3 315 
SPEEj) - HF 
KH/l.R• 
] ., /. 
1.7 
3 . ~.. 
.'i. 1 
J, /1 
J . 4 
.::, . 1 
~~ . 1 
5. 1. 
5.1 
() • 8 
~: . 6 
8 .6 
r . 6 
L . 6 
10. 3 
1 0. 3 
J 0. 3 
12 • 0 
] 0. 3 
1L . 0 
J 5 . 5 
C.6 




~~ . 6 
<: • 6 
c . s 
(, . 8 
•i. 8 
6. s 
J • .l 
G . ~ 
(; . [; 
5 . 1 
G. 8 




5 . 1 
3. 'I 
3 . 4 
J .q 
5 .1 
.s . 1 
G. 8 
6 . 8 
~; . 6 


















.) . l 
5 . 1 
5 . 1 
6 . 8 
( I' 8 
(, c [.~ 
1 ~ ~ 
-·· \.J v ~' 
1 0 • . j 
J tl . 3 
1 2 . 0 
; } , (! 
J L , CJ 
J. (j. J 
J. ::, • -; 
10 . :; 
' ,. 
l , .. ~) 
L . b 
0.6 
.~ . • G 
0. 6 
[: . (> 
~) . (, 
G. 8 
G. [; 
.J • ) 
r r . 
\ ) • (J 
-. 1 
.J • .L 
G. h 
(~ . 6 
G. 8 
~; . G 
(, . 3 
5 . 1 
5.1 
J • !1 
3 . ll 
3 . 4 G. e 
.'j. 1. 
c. 8 
(; , [; 
G. 6 
8 . 6 




































""l '"l () I . "1 
.J- \...• .... .;.. 
3285.2 
3 2 8().2 
32 3 7. 3 
32f:b.3 
32 D9. 3 
3290.3 











330 2 .6 
3303.6 










































r ' " v•i 


















































































































































































2 L, 7 
247 



















































































































































































































































1 JL, 0 3 
] 14 0 7 




13 4 2 ('; 








































G. 8 G.o 
(). 8 












~ . 1 
c. e 





















8 . 6 
8 .6 
3.p 
3 . 6 
(~. 6 
10.3 
~~ . 6 
6 .U 









~) p ~~ J;: Jj - : . : 
J·.: n /i . li. • 
G. t; 
(i. [; 









r- . 6 
(i . ~ 












I) • (; 















8 . 6 









8 . G 








SEC • Ci'l.'S C:'J'S 
3310.0 Gl-1 G 
3319.0 64 G 
332 0 . 0 6l1 6 
3321.0 64 6 
3322.1 64 6 
332 3 .1 6~ 6 
332L,.1 64 G 
3325.1 (1/1 c 
3326.2 6!1 G 
3327.L 6l1 (J 
332U.2 6!1 6 
332SI.2 64 6 
333 0 .3 64 G 
3331. 3 GLI 6 
3332.3 64 G 
3333.3 Gl1 6 
33311.4 6 1; G 
333 5 ,!1 C t~ 6 
3J3G.It GL~ v 
3 3 3 7 • l1 (, I; (; 
3 J 3 [; • Lt 6 I, G 
3330 • .J G4 C 
3 3 !; Cl • 5 G 4 6 
3341.:5 (if; 6 
33112.5 G4 (; 
331.;~ .6 (1 /1 6 
3 J ,, I, • (J G II ll 
~ ,~ 1 ~- r , 1 r 
..) _, -, .... ' v v ~ u 
JJI;6.G Gt, G 
3347.7 GLI G 
3340.7 64 G 
33/:. '). 7 64 G 
3350.7 6/1 6 
3351. 8 64 6 
335 2 . 0 64 (, 
3353. [; 61; 6 
3 3 ~!f. s 6 4 6 
335 5 . 0 6!1 6 
335G. ) 61: 6 
3357.9 61.; 6 
3350.9 65 6 
3359.9 65 6 
33(d . • 0 6 5 6 
33(J2.0 65 6 
3:J6J.C G~ 6 
3364.0 6 5 6 
3365,1 65 6 
3366.1 6.S 6 
3367.1 65 G 
3 JG 0. 1 6 ~> 6 
336~.2 65 6 
3370.2 65 6 
3371.2 65 G 
337 2 .2 65 6 
3373.3 65 6 
3374.3 65 6 
337.3.3 65 6 
3376.3 6.5 6 
3377.4 65 6 






























































































"' I -, 





























































































































































































































l :J S~G 




1 J(j 0 8 
J. J 6J.O 








13 G I, 0 
13 G !, 3 















1 J 713 


































.) • 1 
J . 4 
.) . 1 
.) . 1 
6 . 8 
5. 1 
(; . 8 
G. 8 
(,. 8 
c . 8 
(). 8 
(:. . 8 
:.; . 1 
c . [; 
.) . l 
r r; 
u. u 
(; . 8 
........ 
' r · u. 0 








" ' l.i 4' u 
10. 3 
[; . 6 
10.3 
(, . 8 
() • 8 
~ .6 
6. 8 
~~ . 6 
:~; . 6 
] 0. 3 
" , \}. 0 
c.; . 6 
6 . 8 
(.; .6 






s 1' :.:; i~ ]) - !. 
LII / J.n · 
C.6 
(' t: 
lJ . u 
G. 8 
. 0 




' • .j 
5.1 
J. 4 
:) . 1 
5 .1 
6. e 
6 . r. 




.J . v 
.J- 1 ..... 
(; . (.~ 
j ,J. 
r ,.. 
u • c. 
5. 1 
6. [, 
' c I..J • \..1 
5. 1 
() • f] 







j c; • 3 
2 . 6 
J(.i. 3 
1 (; . j 
10. 3 
10 • 3 
10. 3 
8 . 6 
8 .6 
G • [; 
8 . G 












































34 06. 0 
<') / . ( ~ : .. , 
.J . ,. ...... .. ·- ·· 
3f• 0 [,. 1 
3'• Q 9. 1 
3li 10. 1 
3/fll.l 
3fd 2 . 2 
3413.2 
]Ld l1. 2 
341 5 .2 
341(; . 3 
3417.3 
3LtlL.3 
341 9 .3 
342 0 .3 
34;:1.11 




342 (. .5 
34:07.5 
3/r 2 ~ • 5 
3L,29.G 
JL,:; J .C 
34 ~1. G 
"" I " ,, 
..) '• _, .;.._ . .. ; 
31;33."1 
343L; ,7 

















































































































































































































































































































































































































































































139 7 7 
139 82 
1 ·;. c. r, 7 
- .. .... -- . 
13992 
139 9 7 














































[~ . 6 
G • f. 




(i • 8 
B.6 
c. 6 
[; . 6 
0.6 
B.6 




E: . 6 
[-~ . 6 















\,) • 0 
t.6 (;. c 
(~ • 8 
G. S 
. /" 
\ 1 . 0 




.5 • 1 
6.8 
SPf.ED-Ll' 










l 0 . 3 
('> , (; . u 
3 . 6 
6. 8 
10. 3 
G • 0 


































































3Lf (,Q • .3 
3/+61.3 
3 L, (; 2 . J 
3!,63.3 
3Ld)4 . 4 
J/,(>5.4 
34 6 G. t, 
3[;67.!; 
3 1:C!::.S 
346'9 . 5 
34 7(1 • .) 
3lt71.5 
JL,72.G 
3!; 7 3. 6 
34 74. G 
3/+75.6 
31, 7 c. 7 
3!177.7 




34 82. 8 














































































































































































































2 !, 7 
24 7 
21, 7 












































































































































































































14 0 71, 
140 79 
,,, n ;, :~ 

































u; T s 
}!;11,2 
14 JL: 6 }/115 0 
14155 
1/11(-0 









J. 4 lSJ (, 
1419~ 
llt203 





1112 2 9 
]_/;233 
}/; 2 J 8 
.1 421,2 
14247 
·1 t.-;_ :12 
14 2 57 
]_!;262 
11,2 6 ~: 
J.L•2 7 J 
]_1,2 79 
l.L12 st. 
14 29 0 
]!; 2 9 5 
14301 
]L,::; 0 7 
11: 312 
1/; 318 










14 36 9 
111373 





14 39 8 
14401 
14406 
S PEl: D- T:F 























(j • (; 
(). 8 
I~ • 8 
L.6 
0.6 





































































































35 0 7.11 
3.S·:lf: .4 
J.)()"j,l, 














35 2 1.,8 
3 s2s .e 
3520. J 
3:>2 7. 0 
3S 2C .9 
" .. .. : ,.. , 
. ., , ) "- ,/ . ·; 
J :.i 3 () • ') 
3~3J..J 
3533.'J 
J j 31,. ·J 
')r"'r- f' 
..) ..) J.J • . .J 
35~:(.') 
3537.1 
3 5 3 (; .1 
3 53) .1 
3 540 . 1 
3 5 I; 1. 2 
35 !;2 . 2 
3S lt3 . 2 
"' r I , ., 
J :.J - 1 • • • ~ 
3 5 L; ,) . .. ~ 










3 55(, , 5 
3.:>5 7. 5 
3 55[; • (j 
3 55':) . 6 
3560.6 
3561.6 
'356 2 .7 
R+ 





























































































































































































2 4 7 
24 7 
24 7 
'1 I -; 
.t.. '-1 I 
247 
2 lj 7 
247 















2 LI 7 
24 7 
2 4 7 















































































































































14 2 57 
14261 
14265 






1'•2 9 3 







1L, 32 3 
114327 















1113 8 9 
14 39 3 











14 '•4 3 
























1 /l4 70 
1 '• 402 
144 &6 
11t490 
144 9 Lf 
1/l /19 6 










lll 53 8 
]LI542 
145!!6 





14 5 71 
1 '•5 7 6 
14580 
145 8 5 

























(j • 8 
6. 8 
8 . 6 
6. 8 
6 • 13 




6 . 8 
6 . 8 












G • B 
G.8 
c . 8 
(l . 8 
6 .8 
G. 8 
0 . 8 
6. 8 













6 . 8 
G.8 
6.8 
6 . 8 
f5 . 6 
8 .6 
G. 6 
3 . 6 
6.8 
SPEED-LF. 






























































'INL r,+ R- 'J'Oll\L J~+ B- TOTAL ORF OLR SPEED-R.F S P E 1: ~ •• L l~ 
;;E C • cr:Ts cr:T~; r. C~TS CNTS C.t"-<TS D CNTS C!\ 1' S UiTS I:I-1/LR • U1 /l.R • 
3!..>G3. 7 Gt: 6 62 2ll 7 169 78 llt4 76 11166 1, G.6 8.6 
3.5611.7 GD G 6:2. 24 7 169 78 14480 14660 6. 8 6.13 
J5(J5.7 60 6 62 247 169 78 1!14 85 1l; 6 7 3 8.6 8.6 
3SGG.7 6[, 6 (;2 247 169 78 14/t-89 14677 6. 8 G. 8. 
3~· C7. b c ( (, (,2 2ft- 7 16 9 78 14493 l11 G L 2 6.8 8.6 • u 
35Gf.L c (; G 62 24 7 169 78 14ll98 lft-687 [.6 8. G 
JSG0.8 6L 6 C2 24 7 169 78 14503 11•691 [:j. 6 6. 8 
J.J/(J . 8 6 c, 6 62 2./f 7 169 7& 14507 146 9 5 G. 8 6. 8 
3.:.;71..9 68 (; 62 24 7 169 78 111511 14699 6.8 c. 8 
3::;7L.~ G ,. G (,2 24 7 169 78 14516 14704 0. 6 8. 6 l / 
3 ~) 7 3 . ') ur 6 62 211 7 169 78 14521 14709 3.6 8.6 
,...., r -, I () 6L 6 G2 7.4 7 J.6') 78 14526 1'• 7 1!1 c. 6 8.6 .) :J J ••• :, 
:;.J7C.U (, ::, 6 62 /..4 7 169 78 J.l15 3J i ,, 7 19 G. G 8" (} 
J'j7/.0 G'J 6 G3 24 7 169 73 ]/1535 1/;724 6. 8 c. 6 
3:)7C.O 60 6 G3 247 169 78 11,511() 11,7 2 9 G. 6 8. 6 
J.')79.0 r ' ) 6 63 247 169 78 1451!!1 1ll 7 34 (, • 8 8.6 \.J ,_, 
3StO.l 6'j 6 63 247 169 78 14 5/19 1473') t.6 8.6 
3501.1 VJ (> 63 24/ 169 78 14.)53 11f7411 _,. (.'\ 3.6 \) • u 
3 s ::; ~~ . 1 6CJ 6 G3 2 4 7 169 78 14557 147110 6. 8 G. 8 
~~5 i~ 3 . l 1'. ') 6 63 24 7 169 7B 14562 J.I;75J 8.6 8 .(, V J 
~ ~) [~ !: • J. (0 6 63 247 169 78 14566 111757 G.8 6. 8 
3:; ~J 5 . ~ G9 G 6 3 211 7 169 78 14570 14761 G.S 6. e 
::, .:., ~ : G. :?. c ~} 6 G3 2'• 7 169 78 14 5 74 11l765 G.8 6. 8 
35 (. 7. 2 6 () 6 63 2!1 7 169 78 14577 14 769 5.1 G. 8 
3 :; f; h. 2 (! 'j G 63 247 169 78 1l!5 81 14773 G.8 6. 8 
35 (' 9. J 69 6 (; 3 211 7 169 78 14585 1.!.777 6. 8 6. 8 
3:..CJ0.3 C<J (; G3 247 169 78 14.5 89 1li7S2 6.8 8.6 
-~ ~) . .; i {) () (, G) ~: 4 7 169 73 11:593 J!t 7 G5 6. 3 ) . l 
3:.. ~) 2 • 3 6S: (i (''> 211 7 16 9 78 145'J/ li 1JbY 0. b iJ • () )J 
3 5 ') 3. L1 (:, ~' fl 63 2 117 169 78 14600 ]ll 7 9 2 5.1 5. 1 
,j)~l; .t, 6.'J 6 G3 2 11 7 169 78 14 6 04 111 7 9 6 G. 8 6 • [, 
35 S1 :_: . • ir 69 6 6 3 247 169 78 14609 1lt- 800 8 .6 6. t) 
3~ .. ~0.11 69 G 6J 24 7 169 78 1'•613 14 805 6.8 8.6 
JS'.J/.5 69 c 63 '24 7 169 78 14617 1'1::>oB G. 8 5. 1 
:> .J9C . :J (.9 6 63 24 7 1.69 78 14621 1!1811 6 . 8 S.l 
3:)99 .5 (J) 6 G3 24/ 169 78 14625 14 8 15 6 . 8 6.8 
JG00 . 5 (,) 6 G3 2li 7 J.69 78 11t-6 30 14820 (,, . 6 8.6 
JCOJ. . 6 6 s· 6 63 24/ 169 78 1116 J 4 llt 02 5 ,J • 8 8 .6 
•') ( (:' I G ') 6 63 2 'I 7 169 78 14639 1!1830 8.6 (> , ... ):..J•.J~ .l) u. t~ 
J£,03 . 6 6') 6 63 ';..4 7 1 69 78 14643 1453!; (). 8 G.& 
3 (.(•/; . (; 69 6 G3 24 7 169 78 1464t> 111839 ~; . 6 8.6 
3C OS . C. (, ~; (i 63 247 169 78 14652 14843 6 .8 6. 0 
3 (·, (; (; • 7 6~ (i 63 :C.I1 7 16 9 78 Jl•u57 14G4S e.G G.6 
JG C: 7.7 (;:; G 63 24 7 169 78 14 6 6.2 11!053 & • 6 8.6 
3(00. 7 (i~ G 63 247 169 78 146 GG 11185 s G. 8 () . (, 
3G0~.7 () 9 6 6 3 L. ,, 7 169 78 ll16 71 1406/! 0.6 1C. 3 
3CJ0 . L 69 6 63 2 l; 7 169 7 8 14675 1L1b6S G. b 6.& 
3C1 J.. 0 G ~1 6 63 2ft 7 169 78 14GSO 14G72 8 .6 6.8 
3Gl2.G 69 6 63 2ll 7 169 78 14 6 04 lfl 3 7 7 G.8 3 .6 
3Gl~ . ~ GJ 6 G3 24 7 169 78 1/!689 1 !l 3 ~j2 
C • , 8 .6 uob 
J(,J.4.9 69 G 63 24 7 169 78 14693 1 4Z87 c. 8 {;. 6 
3 61~.:) 69 5 63 247 169 78 11di9 C 14 891 G.6 G. 8 
JC16 . 0 6 !) 6 63 24 7 169 78 J.l1703 14897 0 .6 10 .3 
3G17.'J 69 6 63 'J./l 7 169 78 ]ll 7 0 9 1119 02 10.3 [; . 6 
3(~.i0 .0 G'J G 63 '~ 4 7 1(,9 7 8 14 713 1.4907 (J . 8 [-; . 6 
:J(.2;i.U (,') 6 63 24 7 169 78 14 71~ 14912 ;,; .6 ~ .6 
3 (, :d . 0 C9 G 63 ?. 47 1C·9 78 14723 1Jl 917 0 .6 8 . 6 
3 (, 2 2 • ( I 6S' (, 63 2 !1 7 169 78 1l;i'20 1!+922 t .6 8 .6 
~~(,2~ . 1 () ') (, GJ 2 /l 7 169 78 14732 14SJ26 r I" (,. 8 u . 0 
L24 .l c~ G (.3 2 117 169 78 14 7 36 1/19 31 6.8 8.6 
TIU~ R+ R- TOTAL L+ r:- rJ.·OTAL OR1' OLR ~J'EED-PF Sl'E[D-J.;, 
SEC· c:: 'fS C:iT~: n CNTS CNTS CNTS L CNTS CI\ T S CNTS Ul/LR• 1~?1 / L I~· J.'-
3625.1 69 6 G3 '247 Hd 78 ]lf 7/;l 14935 ' - 6.8 l ' • ll 
3G:2(, .J. 69 6 G3 21; 7 169 78 Jl;7Lt6 149l;C (,. 6 g. G 
J62i'.l G~ 6 ,. ·~ L. 4 7 1G9 78 11+751 ] !;~!! ~ ~ : . 6 c.u O.J 
3G~L .~ 70 G 6/+ 1..1+ 7 169 -n ]_!I 7 56 ] /1 9 50 ~; . 6 ;; • 6 I o 
3C2 ~1.2 7 (! (, 6 I+ L /1 7 169 715 1/+ 76 2 JA.'JSG 10. 3 10. 3 
3C:l C! . :2 7 ,j 6 64 2 4 ;' 1(,9 78 1117 G 7 ]1;962 L. G 1.0.3 
3631.2. 7U 6 64 24 7 169 78 11-1772 11+967 0.6 8 . G 
36 32. 3 7Cl 6 64 211 7 169 78 1LI 7 7 7 l i,S17L 8.6 8 .6 
3633."3 70 6 G4 24 7 169 78 14 7 82 ]/+978 (~. 6 10. 3 
3631:.3 70 6 64 24 7 169 78 l478i' JL+9F3 c. 6 t. (l 
36 35. 3 7 () 6 6'· 2.117 i6Si 7U 14 7 ~) 3 ]lt93~ 10. 3 lC . 3 
3636.4. 70 G 64 2LI 7 1.69 78 1.11 7 9 9 ]./;995 .LO .J JU. 3 
3C37.t, 70 6 GL; 24 7 169 7D 1/+ 805 15 00 1 lU. 3 10. 3 
363G.4 70 6 64 211 7 169 78 Jll [; 10 150 0 7 0 . 6 1U. 3 
3C·39.1.; 70 6 64 247 169 78 148H> 1501!; 10. 3 12.0 
.%110 .5 7iJ 6 64 2/14 169 78 14 B21 15019 L . () 8 .6 
J6Ltl.5 70 6 64 211 7 169 78 14&26 15025 C.6 l () . 3 
3(/;2. 5 70 6 64 2 It i' 169 78 llf830 15031 () . 8 1 I) . 3 
3643.5 70 6 64 247 16 Sl 78 1Lt 335 15037 ~~. 6 Jl). 3 
J6Li4.6 -· (\ 6 6L1 247 169 78 14 0 '·0 150/i 2 ~; . 6 f.,. 6 I ,.~ 
3 G l• 5. 6 70 6 64 24 7 169 78 14 8/;) 150/1 I 8 . 6 L () 
36'~6.() 70 6 64 '.!.4 7 169 78 1/1050 150~52 [, ,6 '' r \ ·, • ll 
JC47.(, 7.:) 6 6/1 24 7 169 78 l'• 85 6 150.JL J. () • 3 10.3 
3 (, l; L. G 70 6 611 247 169 78 11+862 1 ~:iOG S ] () • 3 l'J... 0 
3649.7 i ' J 6 64 247 169 78 14 86 B 150/1 10.3 10.3 
3650.7 70 6 64 24 7 16 9 78 111873 1 .')07 7 n.u 10.3 
3651.7 70 6 64 24 7 169 73 14879 150 8 3 lO.J 1.0. 3 
.1(,52 .7 70 G r ' · 2. 4 7 1(,9 72 14 8f;4 J !JO L~; ' ,. [j • (, \l"t (J. u 
3 G 53 . (; 70 6 64 247 169 78 11,889 1509/1 ~~ . 6 10 • .3 
3G 54 . (; 70 6 64 24 7 169 78 ]./1095 1J099 10.3 G.6 
3G.J5.8 70 6 64 24 7 169 78 Ilt900 ) 510 5 :~ . 6 10.3 
3G56.8 7 (j 6 64 24 7 169 78 14905 15110 ~.6 r.. 6 
3657.9 70 6 64 2ll 7 169 70 1/,909 1.51.15 G. 8 e.G 
3658.~ 70 6 6Lt 247 169 78 14914 15121 0.6 10.3 
3659.9 70 G 64 247 169 78 14919 15126 0.6 8.6 
3660.9 70 6 64 24 7 169 78 14924 15131 b.6 L.G 
3662 .0 70 6 64 24 7 169 78 14929 15136 [·J. G e.6 
3663.0 70 6 64 21! 7 169 78 1LI934 15141 &.6 8 . 6 
36611.0 70 6 64 21:,7 169 78 14 9 38 15146 G.8 8 .6 
3665.0 70 6 (it~ 24 7 169 78 1'19 4 3 151.51 G.6 8.6 
3G6G.O 70 6 64 24 7 169 78 14 9 4L 15156 0.6 0.6 
3667.1 70 6 64 24 7 169 7B 11i953 15161 8.6 8 .6 
3660.1 70 6 64 24 7 169 78 lL19 5 c 1516 7 8.6 10.3 
3669.1 70 6 64 'L 4 7 169 78 14963 1 5172 8.6 8 .6 
3670.1 70 6 64 24 7 169 78 14967 15177 6.8 <:.6 
367l.2 70 6 64 24 7 169 78 149 72 15181 8.6 6. 8 
3672.2 71 6 65 24 7 169 78 14977 15186 [.6 8.6 
3673.2 71 6 65 2'• 7 169 78 14982 15191 8.6 0.6 
36 74. 2 71 6 65 24 7 1G9 78 14987 15196 8.6 8.6 
3675.3 71 6 G5 24 7 169 78 14992 15201 8.6 8.6 
3676.3 71 6 65 247 169 78 14997 1.5206 ~$. 6 e.6 
3G 7 7. 3 71 6 65 2l+ 7 169 78 1.5001 l:i211 (, . 8 B.6 
367S.3 71 6 65 24 7 169 78 15006 15215 ~ .6 6.8 
367 9 . 4 71 6 65 24 7 169 78 15011 15220 ~~ . 6 8 .6 
3600 .4 71 6 65 2117 169 78 15015 15225 (,. 8 8 .6 
36 81. 4 71 6 65 247 169 78 15020 15230 f.6 S.6 
3602.4 71 6 65 24 7 169 78 15025 152 35 8 .6 8.6 
3683.5 71 6 65 21• 7 169 78 150 30 152110 8 .6 8.6 
36 84. 5 71 6 65 2l+ 7 169 73 15035 15246 8.6 10.3 
3685.5 71 6 65 24 7 169 78 150110 15251 8.6 8 .6 
TlHE R+ R- TOTAL I;+ 1>- TOTAL ORF OLR SPEJ:D-H.f S P LE lJ- L i\ 
SLC· C!~T S C:.:HS R CiHS Cin'S ClHS B CNTS CNTS CiHS kil/J.l\• i~;I /L.J\ .. 
3686.5 71 6 6:> 247 169 78 150it5 15256 (;. 6 3.6 
3G87.S 71 6 65 247 169 78 150/t:J 15260 G. 8 G,L 
36 GG. G 71 6 65 247 169 7S 15053 L:J264 G. 8 G. 8 
36&9.6 71 6 65 21 .. 7 169 78 15056 1526L .J.l D. g 
3690.6 71 6 65 24 7 169 78 15059 15271 5. 1 5.1 
3(,91. 6 71 6 GS 24 7 169 78 15063 152 7ft c. 8 5. 1 
3(>92.7 71 6 65 24 7 169 78 15067 1.'.i278 (> • 8 6. 8 
3C·93. 7 71 6 65 24 7 169 78 1.5071 15203 G. 8 0.0 
3694.7 71 6 65 '247 169 78 15076 152L8 G.6 s. 6 
3695.7 71 6 65 24 7 169 78 15001 15293 :....6 " " G ,O 
3696. [; 71 6 G5 24 7 169 78 150 es 15297 (;. 8 6. c 
3697.8 71 6 65 24 7 169 78 150 89 J5j01 6. 8 G.0 
3698.8 71 6 65 24 7 169 78 15093 1.)305 c. 8 G • {~ 
3699.D 71 l> 65 24 7 169 73 15096 15309 5. 1 G. 8 
3 70.0. 9 71 6 65 24 7 169 -0 15100 15313 (, • 8 G. e I u 
3701.9 71 6 G5 24 7 169 78 15 lOft 15317 G. 8 G. F; 
J702.9 71 6 65 247 16 9 78 15100 15321 Ci. 8 6. 8 
3703.9 71 6 65 247 169 78 15113 15~l25 ~~ . G LL 
3705.0 71 6 G5 24 7 169 78 15118 15329 c.c. 6. 8 
3706.0 71 6 65 247 169 78 15122 15333 G. 8 G. e 
3707.0 71 6 65 2ft 7 169 78 15127 15337 r; • 6 G • g 
3700.0 71 G 65 24 7 169 73 15132 J5J41 8.6 6. e 
3709.0 71 6 65 247 169 78 15'13 7 15 34 7 [~. 6 1 (). 3 
3710.1 71 0 65 2ft 7 169 78 1514~ 15352 L.6 [; • t> 
3711.1 71 6 65 2LI 7 169 7B 1511d:; 15357 10. 3 c. 6 
3712.1 71 6 65 24 7 169 78 1515 f, 15361 10. 3 ( () ) 'v 
3713.1 7l 6 65 2.4 7 169 78 15158 15 3 6/f ,. " 5. 1 t....' ~ (J 
,, •. , .1 .' ,, 71 r: G5 24 7 169 78 151G~ 15367 c . [; " , • t I .l. '-t • L. u ..) • .L 
371.'J.2 71 G 65 211 7 169 7f. 1516:) 1 ~)J 11. s. 1 (j ,_.  . ,, 
J71C.2 71 G 65 24 7 169 7e 15168 15375 5. 1 (,. 8 
3717. z 71 6 65 24 7 169 78 15172 15379 G • e G ,, • 0 
3711::.3 7l G G5 247 169 78 15175 1 (" '{,., ,., .'i. 1 .') . ] :.J~u..:. 
3 7 LJ. J 71 G 65 2LI 7 169 78 15178 15337 5. 1 
('I , (,}. 0 
3720.3 71 6 65 2117 1(;9 7f, 15182. 15 391 G. 8 G. t 
3721.3 7l 6 G5 247 169 78 15185 15395 :; . 1 G. g 
37'!.2.4 71 6 65 2f:, 7 169 78 15189 15399 G • g G. 8 
3723.L: 71 G 65 24 7 169 78 15192 151-!03 .) • 1 0. [; 
3 /2J1. L1 71 6 65 2LI 7 169 78 15196 151!06 G. 8 5.1 
3725.4 71 6 65 247 169 78 15200 151; 10 (;. 8 (;. 3 
3726.5 71 6 65 247 169 78 15203 lSldl, 5. 1 G.b 
37 27.5 71. G 65 24 7 169 78 15207 1.Jfi·l7 G. 6 5.1 
3722 . .) 71 6 65 '1..4 7 169 78 15211 1:)421 (J. 8 G • [; 
37LS1 .5 7'2 6 66 24 f, 169 78 15215 1.)1,26 G. 8 8.6 
3730.5 72 6 66 24 7 169 713 15220 15431 L.G L. 6 
3 7 31. 6 72 6 66 24 7 169 78 15225 J5L,36 f,. 6 [,.6 
373L.6 72 6 66 24 7 169 78 152 29 15f.41 G. 8 G.G 
3733.6 72 G 66 24 7 170 17 15234 15 4lt G 
c ,. 8.6 u.o 
3734.6 7'2 6 66 24 7 170 77 152 38 15450 6.8 G. 8 
37:)5.7 7 " 6 66 247 170 77 152ll3 15ft 55 0.6 E. 6 .:..
3736.7 72 6 66 24 7 170 77 15248 1.'.ilt59 8.6 6. ~ 
3737.7 72 6 66 2 t, 7 170 77 15253 15464 [3. 6 U..6 
373U.7 7" 6 66 24 7 170 77 15258 15 /j(j 9 ~ ~ . 6 8.6 .:..
373).0 7!.. G 66 247 170 77 15264 15 t, 7 5 10. 3 10.3 
37/~0.8 72 6 66 24 7 170 7.7 15269 15 1.1.'; 0 G.6 ~~ . G 
37Ltl.E 72 6 66 247 170 77 152 7 5 154 86 10.3 10.3 
3742.0 72 (; 66 211 7 170 77 152 31 15492 10.3 10.3 
37lt3.9 72 6 66 2fl 7 170 77 15286 15f,97 (;. 6 [..6 
37L;4,9 72 6 66 247 170 77 15292 15502 10.3 8.6 
374':-· .9 72 6 66 24 7 170 77 15297 15508 [;.6 10. 3 





3 75 0 . 0 
3751.\.1 
375 2 . 0 
3753.1 
3754.1 









3 7 Gt, . 3 
3 7 G 5. !1 
3766.4 













377 9 .7 
37£0.7 
3781.7 






















































































































































































































2 t, 7 
2!1 7 





2 L, 7 
2 lt 7 
24 7 
















., f, ., 









2 L1 7 




















































































































































1 5 J 10 
1531.6 










15 3 76 












15 43 1 
15435 
l51~3~i 
15 l+ l+ L, 


















































1 5 610 





15 6 J t, 
1563 9 
15 6/; J 
1.564 L 































15 82 3 
15029 
SPEED-l\F 
l~ l! I l.R . 
12.0 
l (). 3 
10. 3 








(> . 8 
G. 8 
0. 6 
(. . [; 








































t; P E i: D- 1. JZ 
;,ll/l.f.• 
1 0 . 3 
10 . 3 
12.0 
L' '0 
0 . 6 
10. 3 
10.3 





1 (). 3 















' /' (;. 0 


































TlliE ]\.+ R- TUTAL r;+ Jl- TOTA L ORF OLH. S PEl: D- I~F SPEl:D·-LR 
~; E C • c::TS c:n:s 1' Cl~TS CNTS Cl~TS E C~~ TS CUTS Clll'S k!'l/J.It• 1~1~/Ll~· .. 
J :.;o9. t, 73 (, (,7 211 7 171 7G 1562] 158:J(, 1 ~~. 0 lL.. 0 
3~1CJ.I.; 73 6 (J 7 24 7 171 76 J.j629 J)[;/;/. 10. 3 10. 3 
3 L11. 4 73 6 67 }. 4 ·; 171 76 156J:j 1.) 8ft ~) 10.3 1~.0 
3f..l2.li 73 6 67 211 7 171 76 J56LJ2 15856 1:!.0 li::.O 
3013.5 73 G c) 7 L.47 171 76 15649 J52C2 12.0 1.0. 3 
3 f.:llt. 5 73 6 G7 2/t 7 171 7() 15Ci55 1586') 10.3 12.0 
': C ~ r • -: 73 G G7 247 1.71 76 15662 15 [~ 7 5 J 2. 0 
1 ,., ~ 
.)<;.l.),_l ... v • ..) 
301( . .) 7~ G G7 247 171 76 156(>8 1 ~) r: f; 1 10.3 1\J. 3 
'"' c ~ -, :· 73 G G7 2/d 171 76 15675 1 !' (l ( • rt 1.2.0 J:~. 0 ...) ( i J . / • u ..1~ ..) () l . ~ ) 
r') C'., ('• r. 73 G G7 24 7 1'11 76 156 Gl 15 :_, ~ !; .i ~) • 3 10.3 ..)<..,.LL· .v 
3.SlJ. C 7-:- (j 67 :~ '• 7 171 7 (· J56E:7 15 :HJl ] 0. J L'.O 
J(; 2C.C 7~ G7 2/1 7 171 76 1.)693 15907 ] 0. 3 1(). ') .) t l 
3£.21. I 7J G (7 2./t 7 171 76 15699 ] : :~ ~)1 .:. 1 •.• ') 1 \) . 3 ..J. lJ • J 
" c ,·· .. -. I 73 Cl 2 I.; 7 171 76 l5704 .!.:.i 919 ;.) . 6 1 (). 3 
..) ""' i.. ~ • l • 
') f': • ; ""l 7 7':, (, 67 2/f 7 171 76 15709 1S :J21, (' ' (:. (, .) (, . ..:. ...) . l . • l) 
3 t 2 I; • 7 7'2 6 G7 247 171 76 15 7 1/1 J 5 :J J 0 ~-:' • 6 1 0 . 3 
,, 1 r. :- · r· 73 G 67 24 7 171 76 15720 15 9 :l6 10. 3 lll. 1 .J (, i. .J • ( .J 
? ('" (. r• 73 (; 67 2/t 7 171 7(l 15725 J50L:~: :_:. 6 10.3 ..;, lJ ,t.. u. u 
3 f~ 2 7 • C~ 7'' 6 67 2 L, 7 l7J. 7G 15731 J :.i 9 !,. i' 10.J f.\,(; 
-' 
""": (" •) (" <' 73 6 G7 211 7 171 76 15737 J:.i952 J () • 3 ;, • G •. )OJ... U • L.· 
3[;29. 3 73 G 67 24 7 1 7 J 7G 1571!3 15957 1U.::; C: . G 
.J[-;30.9 7J 6 (, 7 21+ 7 171 76 l':l 7 L, 7 } r !\ r ') (; 0 lU. ?1 _; _ u_; • v 
3031. · ) 73 G G7 244 171 76 15752 15:,; c ~' ~-. 6 :; • G 
-' 
"'c "'..... 1., 73 G 67 247 171 7G 1575S LJ9 i' 3 1U.J 
(: . 
Ju..JL.:' ..::· • L 
3~; 33.) 73 G G7 24 7 171 76 15763 L;9 7 9 L. (~ 1 ( '. r · ...J.... ,_, .. -~ 
3LJ.J.d 73 c 67 247 171 76 15760 15 9 f4 L . 6 (: . 6 
., o '> r. r , 72 (· 67 ;:t. 7 171 76 15773 1S'J09 L. 6 c' 6 ..J \ . . ) '; • . _, 
.. , r "'~ -, ') .,.., c r. ., 'l /, -, 1 -, ., •I ( , J. s 7 7 ~: ~ :: ~-1 ·~-.1 l: ' . f. ;- {, ...) (.; ~ i . ... i .j ·~. - "'r I ...._I -· 
3f~ 38.U 7J 6 67 '24 7 171 76 157UJ lGOUCJ t. 6 l q. 3 . 
30~0.1 73 6 67 21+ 7 171 76 J-5788 JLOOG ~~. 6 J 0. :J 
3 L/, J . l 7:.3 (J 67 2.47 171 76 1579!: 1(J(J12 10. 3 .1 c. 3 
3GL:.1. 1 72 6 67 2 !! 7 171 76 J5799 JGOlH [. • G 1 (). 3 
38~2.1 73 6 67 2 t, 7 171 76 J5t05 1C02Lt lU.J l (i. J 
30't3.2. 73 G 67 247 171 76 15810 JC030 (.,. 6 lU. 3 
3844.2 73 () 67 24 7 171 76 15815 JG0J5 ~j. 6 3. (, 
3 8Lt 5. 2 73 6 67 24 7 171 76 15fs20 16039 ~-·. 6 6.G 
38L;(). 2 73 6 67 2/t 7 171 76 15 82 4 160L,J (.8 (i • 8 
3f47.3 73 6 G7 247 171 76 15G2L 16Qi;7 c. 8 6. [.; 
33l:S. 3 73 (J 67 24 7 171 76 15 03 3 16052 ~: . 6 r:. f~ 
3849.3 7J 6 67 247 172 75 15838 16057 U.6 E.G 
3f50.3 73 G 67 24 7 172 75 158lt3 JG062 t.6 ~;. 6 
3 851. J 73 6 67 247 172 75 15f.47 1(,0(;7 G. 8 8.6 
3852.lt 73 G 67 24 7 172 75 ] 5 852 16G 71 8.6 / " lJ e (I 
3f,S3.4 73 G 67 24 7 172 75 15856 16075 (; • 8 G. 8 
3854.l; 73 6 67 24 7 177. 75 15860 1607~) (J. 8 G.8 
3[,55.4 73 6 67 24 7 172 75 1586/t 1G0(i4 G. 8 [;.6 
3056.5 73 6 67 24 7 172 75 15869 160 3G 8.6 6.0 
3[i57.5 73 6 67 247 172 75 15273 16093 (). 8 8.6 
3 '· .,. " - 73 6 67 2!, 7 172 75 15878 16098 L.G 8.6 U .. J 0 • J 
385:J.S 73 6 G7 247 172 75 15882 16102 G. 2 6.8 
38GO.G ., " 6 67 247 172 75 15807 16107 8. 6 8.6 I .) 
J861.G 73 / 67 247 172 75 15(;92 ](.J.12 L.G 8.6 u 
3f:62.(i 73 6 67 247 172 75 15 8';) 7 16117 8. 6 L6 
3363.6 73 G G7 24 7 172 75 15902 H·12 3 8.6 10. 3 
3f:Gl!.7 73 G 67 247 172 75 15 9 Q(, 16129 () • 8 J. 0. 3 
3LG5.7 7lt 6 68 247 172 75 15911 1\.1J3 0.6 6. [; 
3LGG.7 74 6 G8 24 7 172 75 15915 1 Gl 30 G. 8 ~;. () 
3CC7. 7 74 6 6(; 24 7 172 75 15920 1Gllt2 L.6 G. k 
3868.8 74 G (,8 24 7 172 75 15924 161116 G.8 G.L 













38~) 1. 0 
3802.1 
3f.G3.1 














') r.-,'"': r' .!. 
.• J \. J "" \. ' . .. , 
38 99 . 5 







3 90 7.7 
3908. 7 
390 9 .7 
3910.7 
3911. 7 
391 2 . 8 
3913. 0 
3914. C 
3 91.5 . ~ 
391G.S' 
3917. 9 
3 9 18.9 




3 9z4 . 'J 
3925.1 
3926 .1 
3927 . 1 
3 ')2£ .1 
3SI2 9 .2 
3930 . 2 
3931.2 
l~+ 



































































































































































































































L. '• 9 249 














































































































































] .:. 9 86 
15991 
1599 8 








































16 25 1 








16 1 55 
1G1 GO 
H J165 




1 6 193 
161 9 9 
1 C2 0 5 
10 2 10 
1 62 16 
1 C222· 
16 229 




16 26 1 
1G2G6 
16272 
1 G 7 7 7 
1C:..~~ J 









1 G 3 Lt2 






16 3 90 
163 9 7 
16L,Olt 
16410 
16 41 7 
] 6L1 2 4 
16/131 
1 6 Lf J 7 
16 L, I, 3 
16!. 5 0 
J.G L; 5 6 
16L,62 
16 4G 7 
16473 
16 L, 7 B 
16 4 84 
161, 1) 0 
1 6 !; ~ 7 
1G 50 4 
1G.':il0 
16516 
S PEE lJ - 10~ 
l-.. 11/ LR · 
e.G 
, . / (, . u 




~; . 6 
~) . 6 
[, . 6 
£:.6 
10.3 








1 2 .0 
]_ 0 . J 
l 0. 3 










1 u. 3 

























1 2 .0 
12 .0 
S PEl:D- LE 
1~~·1/: .. P. • 
G. 8 
[;.6 



















1 0 . 3 






1 r' ' ..! 
















1 2 .0 
12.0 















Til!L TI.+ R- TOTAL 1:-t- n- TOTi\L OTI.F OLR SPEED-RF SPEJ~D-LR 
sr: c • c:iTS c:~r s R c:~ TS CNTS CNTS D CHTS C-i'l'S CiiTS Lll/l ; R• JJ!/LI~· 
3032.2 75 6 69 2ll 9 175 7/1 162)7 16520 10.3 6.8 
3~33.2 75 6 69 21~ 9 175 74 16 303 16525 10. 3 2. (, 
393!;,3 7j 6 69 2!1 I) 175 74 16308 H>~• 30 L.6 8.6 
39 35. 3 7 r· 6 G9 2!; 9 175 74 163111 1GS:;6 10.3 10. 3 .) 
3936.3 75 6 69 21; 9 175 7/1 16321 16543 12.0 12.0 
3f_;37.3 75 6 69 249 175 74 16326 16 5 L1 9 [, . . 6 10.3 
J)J[i,!l 7:J G G9 2119 175 7/1 16331 16555 0.6 10. 3 
3 9 J J. /i 7 'j G 69 2!19 175 74 1633(1 16560 ( • , [; . 6 voO 
J9liQ ,.'; 75 (, 69 :2119 175 71; 163/11 16::;. 61, [.' . . 6 ' ,. () . (; 
3~ 41. I; 75 6 69 250 175 75 163/16 1G570 [~ • (> 10.3 
39/;2.5 75 G 69 250 175 75 16352 1(;575 10.3 t:. 6 
39/1J.S 75 ,. 69 250 175 75 ]635[. 1G5u1 10.3 J u. 3 iJ 
391!4.5 7 " 6 (J 9 250 175 75 16363 16587 [; . 6 1 (I . J .J 
39115.5 75 6 (,9 250 175 75 163(>9 H>.:J9!1 10.3 J. 2 • 0 
391;(•. (, 75 {j 69 250 175 75 J.637(J 1(;600 12.0 J u. 3 
3947.G 75 G () 9 250 175 75 1G3f;~ J(;60u .l 0. 3 l (' ':' ............. . ....... 
3 9 /l [.. 6 75 6 69 250 176 711 16389 16613 ll.O l 2 . (1 
3 s' '} "J • u 75 6 69 250 176 7 / f 16395 16619 1 G. 3 lJ.3 
3950.7 75 6 69 250 176 74 16t.02 16 GJ.l. 12. 0 2 .6 
3951.7 75 6 69 250 176 /4 16/+08 16630 1\.l.:, 10.3 
3952.7 75 6 69 250 176 74 16!115 J6GJ7 12.0 
1 '· r .._~.u 
39)J.7 i. 5 6 69 250 176 711 J.GL:20 j _ 6 G !I 2 
,, , ~ &. \,,. Q Vo V 
39 5 !; • 1 7':J 6 69 ~50 176 74 16i!26 lG 61;9 HI. 3 ll:. v 
3955.E 75 6 69 250 176 7!1 161.32 16 6 5 /; 10. 3 0.6 
395C.~ 75 6 (,9 250 176 74 16/.J 7 HiGGO C.G 10.3 
3957.& 75 6 69 250 176 74 16/1/!2 ].6666 ;~ • 6 l iJ. 3 
3SJsr.:.n 75 6 69 250 176 74 16 4lr 7 16(>72 ~ • G 10. 3 
'1 :_·, r..·. •" '; ·.> 75 G G9 250 176 74 1 t:. I, c: '".1 l G G ;· t; 1 .'\ 
1 .. , 
.J .J ..J ./ • ./ 
.J..V4-tJJ .l. v • .) .Lv • ...J 
390().9 75 (, GY 250 176 711 16 /f 5 c 1GGCJ ~~ . 6 ;:~ ·. (, 
3061.9 75 G 69 250 176 7 /j 1GL:GJ 1G(J~9 t. 6 1 {J. 3 
39(>2.9 75 6 69 25U 176 74 16 4 (J [) 16 6·9 t, ~ ~ . 6 t. G 
396L;,0 7;; G 69 250 176 74 16474 ]6700 10. 3 lfi. 3 
3965.0 75 G G9 250 176 74 ]6!,80 16706 10.3 10. 3 
3966.0 75 6 69 250 176 711 16486 J.C71J l (). 3 12.0 
3967.0 75 6 69 25 0 176 74 16492 ]6719 10. 3 ] 0. 3 
3968.1 7S 6 .69 250 176 74 16/198 J6726 10.3 12.0 
39C~.l 75 6 69 250 176 7 'I 16504 16732 l 0. 3 lD. 3 
3970.1 75 6 69 250 176 74 16510 1G739 10. 3 1 ;_. 0 
39 71. 1 75 6 69 250 176 74 16516 167!:5 10. 3 10.3 
3972.2 76 6 70 250 176 74 16522 16750 10. 3 ~= . 6 
3973.2 7G 6 70 ?.50 17G 711 1Cl528 1()756 J 0. 3 10. 2. 
3974.2 76 6 70 250 176 74 16533 16761 ~). G 2.6 
3975.2 76 6 70 250 176 74 16539 16765 10.3 C.8 
3976.2 7G 6 70 250 176 74 1651,3 16769 c. 8 
/ ,. 
t; . (., 
"0--. ") 76 6 70 250 176 74 165117 1G773 G. 8 6 ' .:>-'1/ • .J • c-
39 7 3. 3 76 6 70 250 176 7 '• 16552 1677t: u. 6 2.6 
3979.3 76 6 70 250 176 74 16558 16784 10. 3 10. 3 
3980.3 7G G 70 250 177 73 16562 16 n ;s G. 8 / ' J tJ. 0 
39 81. 4 76 6 70 250 177 73 16567 16793 ~l. 6 8.6 
39D2.4 76 6 70 250 177 73 16573 16799 10.3 10. 3 
3983.4 7G 6 70 250 177 73 1(,57S 16804 [.;.6 8.6 
3904.4 7C 6 70 250 177 73 16523 H>&09 b.6 0.6 
3005.5 7G 6 70 250 177 73 16588 16814 8.6 3.6 
39GG . .5 76 6 70 250 177 73 16593 16218 C.6 6.8 
""(\ (' ~. - 76 6 70 250 177 73 1659£ 1G822 0.6 G. 8 J.'U/,:J 
39~18.5 7G 6 70 250 177 73 16602 16L2G G.8 c. e 
390Sl.6 76 6 70 250 177 73 1660G 1Gi;:n 6.8 8.6 
3990.6 7C 6 70 250 177 73 16610 lG g 36 G • ~ c.(> 
39 91. 6 76 6 70 250 177 73 1661/1 l G r,t, 1 (j . 8 ~~ . 6 
3992.6 76 6 70 250 177 73 1 G (Jll) J6[~/1G ~~. 6 E.G 
TIHE R+ R- TOTAL D+ J.)- TOTAL ORF OLR S PEl: D-I.:F ~; PEE J;- l.l 
sr:c· CiTS CNTS ~~ C~, TS C~~TS CUTS r. Cl~TS CNTS CHTS Kl-1 I J R. UI I J. 1~. 
3~93. G 76 6 70 251 178 73 16624 16B51 8.6 H. 6 
3994.7 7 6 6 70 ~52 178 74 JG629 J6 n5(, E. 6 8. 6 
3 995 .7 76 6 70 252 178 74 16634 1 G SCi 0 [;. 6 6. B 
399( •• 7 76 6 70 252 178 74 16638 16LG5 6 .8 8.6 
3~)9 7.7 7 G (, 70 252 178 7ll J661-t2 1(,869 (, • 8 6. R 3 00<· .- 7u 6 70 252 178 7ll 166lt6 1(,[;7J c. 8 ( r ./ ./ u. u .i . u 
3~!9~. 8 76 6 70 252 178 74 16650 16377 6 . 8 6 . 8 
lt000.0 7 C 6 70 :'52 178 74 16655 1Gilf;2 :] . 6 (i. 6 
4 0 0l.i; 76 6 70 252 178 74 166 GO H >8t 7 L.G E. 6 
4002. 9 7 (, G 70 252 178 711 16665 16092 [). 6 D.6 
l/003. 9 7 C 6 70 252 1H· 74 16670 1 (, [; ~) 7 ~~. 6 [l. G 
4CJ4.9 7C 6 70 252 170 7 Lt J. 6 6 7.5 16902 [: . 6 ~: . 6 
4005.9 7 ll (> 7U 252 l7U 711 16680 1GSJ07 ll.6 
(• (. (., • l) 
4 l J/,IJ 7G G 70 252 178 74 166fi3 J6 SI 11 :i.l () . [; 
4J00. U 7 () 6 i'U 252 178 74 J6GU; 1G 91 5 E.G 6.C 
4 C09 .0 ~ r (, 70 2 52 178 7/f 16602 1692() c. 8 "' r I l ' ...... . u 
J, (Jl ~ • (j 7 C 6 .,0 252 178 711 1G6 9G 1 G92ll (; . 8 ' ' tJ. 0 
L, 011. l 7 u 0 70 25:L 178 74 167 0 0 16~30 0. 8 10. J 
1, (: 1~.1 7 (, 6 70 252 173 74 1G704 JG~J:i G.8 0.6 
4 0 l.J.1 I l ' c 7U 252 17C 74 16700 1GSJ'•O G.S ~) .. () 
4Glft .1 7C G ., () 252 17C 74 16713 1GSJI;l, ~ ; . 6 c . ~~ 
/H)]_~ • .l. 71> r 70 .·, r .. , 178 74 ]6718 10049 ...;.G L. G u ~. · , .. 
L; OlC . 2 7 C. 6 70 252 178 74 16723 1G95Lt [ J . 6 0.6 
4017.2 ~~ 6 70 252 178 74 1672 (; 1u~ 5L :..; . 6 (}. H 
L:.OH . • 2 7 c, (, 70 25 2 17[; 74 1.6732 16963 " C.6 v. (J 
4 0E' . 2 7G 6 7J }.52 173 74 16737 16%7 8.6 (;.8 
/~('20.3 70 G 70 152 17~ 7ll 1(;7112 1(,9/2 L. 6 3.6 
I I"""' -t ~ ~ r r' .., " ,.. l:",.., ' ~ () -,I ., r,..., 1 r , r n.., r r () r " 
.... ;_; ~ J .. • ..; i ,, v IV ~.J ... "- I v I •t .L. VI ... U .J.. 'v .I I u \..... . .;.... 
lt G22 .:, 7 C 6 70 252 178 71, 1G751 16980 n.6 6 . r: 
l,i)23 .3 7 (, G /0 252 178 74 16756 1(1985 0.6 2. 6 
lt021 • . 4 7G 6 70 252 178 74 16761 1 6989 ~~. 6 G ,, • v 
4 l.l2 5.L; 76 6 70 252 178 7/1 1G766 Hi991t L6 [; . G 
!1 0,2(, ,1; 7( 6 70 252 17 e 7/t 16770 H>099 (;. 8 c. 6 
!; 02 7.4 76 G 70 252 170 74 1.6 7 76 17004 10.3 f, • (, 
t,.Q2L.5 76 G 70 252 178 74 16 7 81 17011 0.6 J.:.:.o 
/1029 . .) 76 G 70 252 179 73 16787 17017 10. 3 10 . 3 
4030.5 7 6 6 70 252 179 73 16 79 3 17(l22 ] 0. 3 r • G ' 
ll 0 31. 5 77 G 71 252 179 73 16799 1702~: 10. 3 10. 3 
lt032.G 77 6 71 252 179 73 16805 17033 10.3 e.G 
4033.6 77 6 71 252 179 73 16810 17039 0.6 1J.3 
40311.1:, 77 G 71 252 179 73 16L\16 170/tlt 10.3 0.6 
4 0 35. 6 77 6 71 ?52 179 73 16821 1i. Olt9 8.6 L • G 
/~036.6 77 G 71 252 179 73 16 82 6 170511 L.6 0.6 
4037.7 77 6 71 252 179 73 16831 17059 L.6 8.6 
403[;.7 77 6 71 252 179 73 16836 17064 ~.6 0.6 
403:i.7 77 6 71 252 179 73 16842 17069 10.3 8.6 
40110,7 77 G 71 252 179 73 16 8 l1l 17075 L.6 10.3 
4041.B 77 6 71 252 179 73 16&SJ 17 OtiO 10.3 [,. 6 
4042.0 77 6 71 252 179 73 16858 170Ui il, 6 10. 3 
4043.t: 7i' 6 71 252 179 7j 16C63 17092 3.6 10.J 
4044.::: 77 (, 71 :.:52 17:J 73 16867 1700 7 G.8 0.G 
4 o t,s.:; 77 6 71 252 179 73 16871 17102 G.8 0.6 
404G.:J 77 6 71 252 179 73 16376 17106 8.6 G. 8 
4047.9 77 6 71 252 179 73 16 880 17111 6.8 0.6 
404G.9 77 6 71 252 179 73 16883 17115 5. 1 G. 8 
4050.0 77 6 71 252 179 73 16888 17119 3.6 G. 8 
4051.0 77 6 71 252 179 73 16892 1 712ft G. 8 &.6 
4052.0 77 6 71 252 179 73 16 C96 17128 6.8 6 • f) 
4053.0 77 6 71 252 179 73 16901 17133 8.6 8.6 











L, 1) G 3. 3 
4064.3 
1;065.3 
/j()(J 6. J 
4067 • .'+ 
l;J68.l, 
1,()6).!1 
I, (j 7 0 • I, 
/t~l71. 5 
1,0/'2.5 
/+0 73. 5 
41;74.5 





It 0 0 ~~) . i1 
/{. ()~11. "1 
I r'\ f' .-, .., 
•, v u"-. 1 
4G 83. 7 
q~)(ilt .G 
l, 0 :::.s . 8 
40~~6. [; 
,.orn .s 
/;1'1 u:. 9 
4089. 0 
1;090. 9 





4 09 7.0 
4 098 .1 
4 ~) 9 9 • l 




1,10 '·. 2 
ldO S . 2 
41G6.J 
lt1 0 7. J 
l;l() [; . J 
4l0 9 . J 
4110.4 














































































































































































































































































































































































































































































172 2 0 
17225 
17 229 
J 7 2. 3!1 
1723::3 
J./2/.;J 
1 7 2/1 7 
17251 
17 25 6 
172 .62 
1 n 6c. 
]. 72 7J 
17281 




























Ult 2 J 
l7LI2[j 
17LIJ2 
;; PEE ;1-· 1: F 
J,>i /LR • 
~; . 6 
(;. 6 
10. 3 




() . 8 
;:;: • 6 
(J. 8 
L; . 6 
1 (j. 3 
u.6 












, , ,. 
... ., • v (..8 






[~ . 6 
(; . b 
10.3 
[~ . 6 
2.G 










c, • 8 
L.6 
0.6 
~.) . 6 
~j. 6 
:; • 6 
3 . G 
G.6 
S P E 1~ J; ·- ; ~ ·~ 
~~;-1 I I 1 }~ • 





(J • l; 
10. 3 
(;.(., 





t.~ . u 
8.6 




() . 8 
3 . G 
G. L 
/ "; ,• 








[: ~ 6 
(: . 6 
1 0 • 3 
(' . 6 
(J. ~ 
[~. 6 





0 . G 




1 (J . 3 
10. 3 
2.. (; 
~ . 6 










TlllL P.+ R- TOTAL lH n- 'J'O'l'AL ORF uLR S P E UJ -· !~ F SPEl~ lJ-L . 
~; :c c. CUTS CLT~: l' c:~Ts CNTS 0-:TS ::1 CNTS Ct~T S c··· 'l' <' U1 / l. It· U!/J.R· Jh ... u 
b. 11 G.:, 7" G 72 2 51+ 182 7?. 17 2 Ol1 17Lt37 (J. 8 2 . G l:
4117.~ 7 ( G 72 255 1g2 73 17 200 ].]Lilt () c.e 5. 1 L• 
411E.5 7C 6 72 255 133 72 17212 1711 1~4 (; . 8 ( .. e 
l1 119. 6 7~ c i' 2 255 1~3 72 1 7216 17 111,8 C. H (} . 8 
!;120.6 7[ G 72 255 1<''J 72 172 20 171,54 (J. 8 10. 3 u..> 
1,1~1. G -, n G 72 255 183 72 17225 17!150 L .6 r '' I v o.u 
11122. G 7C (; 72 255 183 72 1722{) 17 !I G /1 G. 8 10. 3 
L,L:J. 7 70 G 72 255 183 72 17234 1746() ~~ . 6 G.~ 
412ft ,7 7[ 6 72 255 183 72 17238 17473 G. 8 e. c 
1,125.7 78 (J 72 255 18 3 72 172/12. 171170 G. 8 S.6 
412G.7 7" 6 72 255 183 72 1721t7 J 7 !; 82 3.6 G. f_: 0 
41 2 7.0 7" 6 72 2.)5 183 72 17251 171!08 lJ. s lC . 3 0 
4120.0 7G G 72 255 183 72 17256 17!192 ~~. 6 r (• Li • l.: 
L!l:L ~ . 8 7 I ' 6 72 255 103 72 17261 171,')7 G.G ~~ . c 0 
td 3C. t 7 [!;. (j 72 255 1f:3 72 1 7 2 6 6 17503 0.6 l'' 'l v • -' 
l i 131. ') 7C r 7L. 255 183 72 17272 17508 10.3 0.6 \) 
4132.) 7 , .. G 7L. 255 1e3 72 17277 17514 :..;.G 1 " ~· ~' u • ...,; 
413J.J 7C 6 72 255 183 72 17283 1751C: 10.3 (.. 0 
l!13LI. ') 78 6 7'2 255 133 72 1721J8 J 7 SL 3 [;.6 G.6 
L:J3G.O 70 (; 72 255 183 72 17292 17528 6 .8 ~~ .. (; 
l;L~7.J 7[; 6 72 255 183 72 17297 17532 L.G 6. 8 
1113£ . () 7G G 72 2'i5 183 72 17301 17530 () . 8 10. 3 
4139. 0 7L (j 72 2j5 183 72 17305 17 5 1;'/.. (J. 8 6.8 
4HO. 0 7L G 72 255 183 72 17309 17 54 7 6.B 8.6 
l;.1L, l.1 7L G 72 255 183 72 17314 17551 f,,6 6. 8 
411,2,] 7 (' 6 72 2 55 1E:3 72 17318 " 17557 G. 8 10.3 <-
!111!.5.1 7" 6 72 255 133 -, 17321+ 175(2 10.3 8 . (; u ,._ 
L~ l lt Lt ,. .i -. ("•, " 7') ~l l .!) 1 ~~ 1 77 ' · 7 3.? ~) l75t\8 .r. ._ (, i r, ~ 1 n I) 
4JLf5. 2 7fJ 6 72 255 183 72 17335 17574 10.3 10 . 3 
4146.2 7 L 6 72 255 1C3 72 1731•0 17580 2.6 10. 3 
4147. 2 7G 6 72 255 183 72 17 3/f G 17 5 05 10.3 8.6 
L,.llf {I , '/.. 79 6 73 255 183 72 17351 17591 8.6 10.3 
411;.<).3 7 9 6 73 :255 183 72 17356 17596 8 .6 t. 6 
4150.3 79 G 73 255 1S3 72 17361 17601 G.6 8 .6 
!,151.3 7') 6 73 255 183 72 17365 17606 G.8 8.6 
!1152 . 3 79 6 73 2 55 183 72 17369 17611 6.8 8.6 
Ld 53 .4 7') G 73 2 55 183 72 17374 17615 8 .6 6. 8 
l;l5l;,4 7 9 6 73 255 183 72 17378 17620 G. 8 3;6 
4155.11 79 6 73 255 183 72 17384 17625 10. 3 2 .6 
/;15 6. /1 7'J 6 73 255 Hl3 72 17389 17629 0.6 6. 0 
057.11 7 9 6 73 255 103 72 17393 17633 G. 8 6.8 
415E.5 7 ') G 73 255 183 72 17396 17636 ;;.1 5. 1 
1:15~. 5 79 ,- 73 255 183 72 17400 17639 6 . 2 5.1 0 
4160.5 7 9 G 73 2 55 183 72 17403 17643 5 .1 6. 8 
41 61. 5 79 6 73 255 183 72 17'•07 176Lf7 G. 8 6. 8 
41 62 . 6 7 9 6 73 2 55 183 72 17412 17652 8 . 6 C.6 
4163.6 79 G 73 255 183 72 17417 17657 0.6 8 .6 
l;16L;.6 79 (J 73 255 183 72 174'/..1 17662 6. 8 [,.6 
ltl 6~ .G 79 6 73 255 183 72 17426 17668 ~.6 10. 3 
4166.7 7') 6 73 255 183 72 174 31 17 673 8.6 8.6 
41(.7.i" 79 G 73 255 183 72 17436 17679 8.6 10. 3 
/+168.7 7') 6 73 255 183 72 17 4!11 17684 6.6 8.6 
4 169.7 7!) 6 73 25 5 183 72 17 4 '• 7 17690 10.3 10. 3 
ltl7'J. 8 7 9 6 73 2 55 183 72 17452 17696 C.6 10. 3 
ld 71.8 79 6 73 255 183 72 17457 17701 8.6 8. 6 
4172. C 79 6 73 255 183 72 17462 17707 8.6 10. 3 
4173.8 7 9 6 73 255 183 72 17467 17712 8 .6 8. 6 
4174.9 7 9 6 73 255 183 72 17472 17718 8.6 10.3 
4175.9 79 6 73 255 183 7 2 17477 17722 8.6 6. 8 










/.;1 £5 .1 
410 C.1 
L;lL7.1 





4.1. :}3. J 
lfl~) /; .3 
41~~.J 
419C.L~ 
1!1 9 7.!, 
41 9C .'• 
1-!l<)iJ.fi 
4 L.CO .!; 
C"~(l 1 • .) 
4:-: Jt; . S 
i, : : .} ~~ • <: 
1: :: () (, • 6 
!t ~l..) 7.. 6 
Li~O L . G 
4:: 00 .7 









!;~ 19. 9 






l; 2 2 7. 1 
4228.1 
4229.1 
'•23 0 .1 
4 2 31. 2 
4232.2 
/1233.2 
4 2 34. 2 
4235.3 

























































































































































































































:.C 5 (> 
256 
256 
















































































































































































1 75 69 
1/5711 
17 57:; 
1 7 5 ;; 2 







1 -, r ... '1 , 
















































17 8G 3 




17 e 2 L 
17[.3 2 
1iC36 
J: :~ tll 




1 -i 8 C1 (, 
1 -:'·' I , ., 







































t . 6 













(. . 8 
c. 8 
(, . 8 
[; . G 
10.3 
,- .., 
u . 0 
·~. 6 r~. G 
: • 6 
, , r. 
....... v 




;; • 6 
C, . L 
6 . £ 



























Ul /i ,n. • 





1 () • 3 
10. 3 
0 . G 
10 . J 
1 () . 3 
( r. 
J • ~-




[; . (; 
10. 3 
[; . 6 
(, • 8 
G. 8 





] n ") 
. V' • ..) 
!"'• ,... 
, , , '-.l 
1 () .... 




.l 0. 3 








C • G 
10.3 



















TIHE R+ R- TOTAL I;+ 13- TOTAL ORF OLR SPEED-JZF SPEL:n-:. : 
SLC• ChTS C-i'lS K Ci:n'S c~~ T s C~~TS D CNT S CNTS cr; T s G!/LR• k:I/1.1: · 
4239.3 79 6 73 256 186 70 17 7 77 1.~0 36 10. 3 10 . j 
4240.1+ 7 9 6 73 256 186 70 177[32 Hl041 8.6 8.6 
42.'.1.4 79 6 73 256 1B6 70 17787 180 46 ~:1. G E. G 
4242.4 79 6 73 256 186 70 17791 18050 G.8 (,. g 
4 2 L, :; • '• 79 6 73 256 186 70 17796 10055 " r; 
() ,. 
u.~ o.u 
'·244.5 7') 6 73 256 186 70 17800 18059 (. • 8 6 .8 
4245.5 79 6 73 256 186 70 17805 lf>OG4 8.6 &. G 
4246.5 79 6 73 256 186 70 17810 18069 0.6 E.6 
4247.5 79 G 73 256 186 70 17815 1007/f g .6 0. 6 
4240.6 70 6 73 25G 186 70 17819 10070 6.~ 6 . [; 
421;9.6 "19 6 73 256 187 69 17823 10002 6. 8 (> • [, 
4250.6 7 9 6 73 256 187 69 17827 1 80 86 (). 8 6 . L 
4251.6 79 6 73 256 187 69 17830 1(;09 0 _'"j. 1 G. S 
4252.7 79 6 73 256 187 69 17834 1 80 91· 6 .8 
/" (" , 
u. 0 
4253.7 79 6 73 256 187 69 17837 1 3 097 s. 1 r ' .) • .l. 
/1254.7 79 6 73 256 187 69 17C41 18101 (i • 8 6 . [l 
4255.7 79 6 73 256 187 69 17Dlt5 1D105 6. 3 6 . 8 
4256.(] 79 6 73 2 56 187 G9 17 8l• 9 18109 6 . 8 6. 8 
/~257.'2 79 6 73 256 187 69 17853 1 31 13 6 . E 6 ~ 8 
4258.8 79 6 73 256 187 69 11857 18117 6. 8 
' r , 
D • (... 
4259.8 79 6 73 256 187 69 17~60 1 2 121 5. 1 6.8 
4260.8 79 6 73 25 6 187 69 17 86 I, 1[:125 c,. e 6 . 8 
4261.9 79 6 73 256 187 69 17f; 68 1Bl2 8 6. 8 5.1 
426 2 .9 7 ':J (, 73 256 187 G9 17872 18133 c. 8 8.6 
4263.9 79 6 73 256 187 69 17876 10138 6. 2 " ' o.o 
4264.9 79 6 73 256 187 69 178F.;O 101.42 6.8 6,8 
42(l6.0 79 6 73 25 6 187 69 17883 1011+6 5.1 G. 8 
!; 2. f; ;/ * () 79 6 ·; 3 ~~ 5 I~ J 8 7 (9 J7D87 181.50 (,. 8 r, x 
!!268.0 79 6 73 256 187 69 17891 1D155 (,. 8 8. 6 
ll269.0 79 6 73 256 187 69 17896 18160 L.6 " -( i . u 
4270.1 79 6 73 256 187 69 17900 1 8 166 6. 8 10.3 
4271.1 79 6 73 256 187 69 17904 13169 6. 0 5.1 
4272.1 7'9 6 73 256 187 69 17909 18173 [. 6 ~ ' 0 . 0 
!1273.1 79 6 73 256 187 69 17913 18177 6. 8 ce 
11274.2 79 6 73 256 187 69 17917 18180 G.8 5. 1 
4275.2 79 6 73 256 187 69 17921 1[;}. 811 6.8 6.8 
427G.2 79 6 73 256 1S7 69 17925 18187 G. 8 5. 1 
1+277.2 79 6 73 256 187 69 17928 13190 5. 1 .).1 
4278.3 79 6 73 25 6 187 69 17932 1G194 G. 8 6. 8 
4279.3 79 6 73 256 187 69 17935 18198 5.1 6.C 
lt280. 3 7 'J G 73 25 7 187 70 179 39 18202 G.S 6. L 
4281.3 7 9 6 73 25 7 107 70 179/-;3 113206 6. 8 6.£: 
42£.2.3 79 6 73 257 187 70 17947 18210 G.a G. e 
4203.4 79 6 73 257 U37 70 17951 1G2J4 G. 8 6. e 
4284.4 79 6 73 257 187 70 17955 18210 G. 8 6. {; 
4285.4 79 6 73 25 7 187 70 17958 18223 5. 1 8. G 
4286.4 79 6 73 257 187 70 17961 182 26 .).1 .) . 1 
4287.5 79 6 73 257 187 70 17 9 6 '• 10230 5.1 6. 8 
4-2B8.5 70 6 73 257 107 70 17968 1 ()2 3 5 G. 8 <~. 6 
4 2 89. 5 79 6 73 25 7 137 70 17971 1C238 5. 1 5.1 
4290.5 79 6 73 25 7 1C7 70 17975 182 43 u. 8 3.6 
4L91.6 79 6 73 25 7 187 70 179 79 1U2L•7 6 • 8 6. 8 
4292.6 7':J 6 73 257 187 70 17984 18252 8.6 8.6 
4293.6 79 6 73 25 7 187 70 17988 10257 G.8 2.6 
4294.6 79 6 73 257 187 70 17993 18262 8.6 P..6 
4295.7 79 6 73 257 187 70 17998 132G 8 C.6 10. 3 
4296.7 so 6 74 25 7 187 70 18003 132 7 3 8.6 e.G 
4297.7 80 6 74 25 7 187 70 18009 182 79 10.3 10. 3 
4292.7 80 6 74 25 7 187 70 18014 182 8/! 8.6 8.6 
4299.8 80 6 74 257 187 70 1 8020 182 90 10. 3 10.3 
TINI.; 
SEC· 
43 00 .L 
ij . .:;Ol. C 
4 ~~ ~~ 2 . (~ 
4 JO 3. (; 









4 314 . 1 
ltJ1 .:J .1 
t~.:n c. 1 
1;317. 2 
431t; . 2 
/131 9 . :0: 
/1320 . 2 
43.21. 2 
'~ 3 2 ;~ . 3 
43 ;2 3.3 
''+ 32 1.. 3 
1: 325.3 
4 2 2 G. L; 
4 3:: 7 • II 
1:32S . /. 
4 ~1Z~) . lt 
/1] 3() . s 
/1331.5 




433 6 . G 
4337.6 




434 2 .7 
'•3 4·3. ::; 
4 34l;.. 8 
434 5 . 8 





43.) 2 .J 
/;]53.0 
1;3 54 . 0 
435 5 .0 
4 25G .l 
4 35 7. 1 
l;J5 8 .1 















































































































































































































































































































































































































1 8 14G 
1015 2 
1 015[' 





l r., ,., ,..... 





U .: 2011 































1 t30 7 
1 Li 313 
1 231 9 
1 8 325 




1 ['.35 i' 
1 0 3bll 
]f,J70 
10J7C) 
H~ 3 02 
l f>3£E 
1 u 3 ~l/l 
181100 
1 CL•G 7 
18413 
1~; I; 1 9 
1 SL, 21, 
1LL,29 
1 ll 4 J /1 
18~3 8 
l ~-: /: L; 2 




1 [; Ll(, 1 
1 3 4G5 
1 u4 G ::1 










1 35 0 3 
135 0 5 
1 850 7 
1 85 09 
1G511 
1 85 11; 
l C517 
1852 0 




1 0 5 33 
1 8 533 
1 053 3 
1 05 33 












l. 3. 7 
1 () • 3 
1.0.3 
e . G 
12.0 
10 .3 




1 0 . 3 
10. 3 
] 0. 3 
C. G 
0 .6 
~ ; . 6 
(; • 1.) 
(; . 8 
G.8 
.) • 1 
c. s 
:i • 1 
.).1 
5. 1 
5 . 1 























SPl:E D-: . 
~~: 1 I i! R • 
L . 6 
f; . 6 
10, 3 
J.U. 3 





L~ . 0 
l :~ • 0 
10 .. ~ 
1 n "') 
...i... v • J 
l C; . 3 
10. 3 
JO. 3 
l D. 3 
l2 . 0 
l (J . 3 
10 ; 3 
(~ . 6 
0 . t, 
~ .r) 
C. . L 
6 . 2 
(, . 0 
G • t~ 
G. 1; 
G. L 












3 . '• 
3.4 
3 . 4 
3. '• 
~ 1 ::>. ~ 
5. 1 
.) . 1 
5 . 1 
~j . 1 
5 .1 
3 . 4 





Tl:-11.: R+ }{- TOTAL L+ n- TOTAL ORF OLR SPEED-llF SPEED-I. 
~:L C • Cii TS c .::;-TS R o;rs Ch TS Cl-<'1'S b CNTS CNTS CNT S l~H I 1.1~. 1~11 / l.R • 
1;362.2 81 6 75 257 187 70 1L255 1E533 • 0 • 0 
4363. 2 i;l 6 75 257 187 70 1 8255 185 33 .o • 0 
1;3G4.2 81 6 75 25 7 187 70 18256 1 0 5 3 3 1.7 .o 
436 5 .3 8 1 6 75 257 1e7 70 18256 185 33 • 0 • 0 
4J(J 6 .3 81 6 75 257 187 70 18256 185 33 . 0 • 0 
1~3 67.3 81 6 75 257 187 70 182 56 185 33 • 0 • 0 
43GL.3 81 6 75 2 57 187 70 18256 185 33 • 0 • 0 
43 69.4 81 6 75 257 187 70 1825G 185 3 3 • 0 • 0 
I; 3 7 () . !1 31 6 75 257 187 70 18256 185 33 . 0 .o 
4371./; [.1 6 75 2 57 187 70 182 56 1 3 533 • 0 • 0 
437 2 .lt 81 6 75 2 57 187 70 18256 1 8 5 33 .o • 0 
1;3 73. 5 81 6 75 25 7 187 70 18256 10533 • 0 • 0 
lt 37l!,S 81 6 75 257 187 70 1 8256 1 8 5 33 . 0 • 0 
4 3 7J .5 81 6 75 257 187 70 18256 13533 • 0 • 0 
l.37G.5 81 6 75 257 187 70 18256 185 33 . 0 • 0 
LI J 77.G 81 6 75 257 187 70 182 56 18533 • 0 r• • v 
4378.G 31 6 75 2 57 187 70 18256 18533 . 0 • 0 
'•37 9.6 8 1 6 75 257 187 70 1825 6 1 8 5 3 3 .o .o 
438 0.6 Gl 6 75 257 187 70 182 56 1 853 3 • 0 . () 
I; 3 [; 1 . 7 81 6 75 257 187 70 18 2 56 1 85J 3 • 0 .o 
!, 38 2 . 7 81 6 75 2 57 187 70 18256 185 3 3 • 0 • 0 
/138 3 .7 81 6 75 257 187 70 18256 1 t 5 3 3 • 0 . 0 
I; J 8·'". 7 01 G 75 257 187 70 1'£256 105 33 • 0 • 0 
43t5. 7 81 6 7S 257 187 70 1[;256 Hi533 • 0 .o 
4 :n,G. s 81 6 75 '257 187 70 18256 10533 • 0 • 0 
4387.& 8 1 6 75 2.57 187 70 18256 1~i 5 3 3 . () ,\ • \1 
/~ J8U. ('. e, G 75 257 187 70 18256 ] [)5 J 3 • 0 .o )~ 
/ , -· ' : 'l " Gl G 75 '257 1 ,., '7 70 lC256 12533 & D STN, 2 . c -r _v _, . u
-u· 
4~)~0.0 [il 6 IS '25 7 187 7U 11:.:2)6 l L.) JJ • v • I) 
L) :.; 9 1 , ') 31 6 75 25 7 187 70 18256 10533 • 0 .o 
1;392.~ 81 6 75 257 187 70 18256 H~ 533 • 0 . 0 
Lf 3 S' 3. ~ B1 6 75 257 187 70 18256 105J3 .o .o 
ll 3 9.5 • 0 81 6 75 257 187 70 18256 18533 . \) .o 
'•~~)G , (J [,1 6 75 25 7 187 70 18256 10533 • 0 • 0 
11]97.0 81 G 75 257 187 70 18256 185 33 • 0 • 0 
43S'C. ,J 81 6 75 257 1 8 7 70 1 82 56 1c5 33 • 0 • 0 
43 99 .1 01 6 75 257 187 70 18256 185 J3 .o • 0 
4L, ('!(), l [;1 r 75 257 187 70 1825G 1 U5JJ • 0 • 0 u 
l,L, 01 . 1 01 6 75 257 187 70 18256 185 33 . 0 • 0 
41,02.1 f.1 6 75 257 1C7 70 18256 1b533 • 0 • 0 
41i 0 3.1 81 (. 75 257 187 70 182 56 l 85 3 3 • 0 . 0 
l,/.,04,2. G1 6 75 257 187 70 18256 H '. SJJ . 0 • 0 
l; 1 .. 0 5 • :~ 81 (j 75 £.5 7 187 70 18256 185 33 • 0 .o 
4 1:06 . 2 81 6 75 2 57 187 70 18256 18533 • 0 . 0 
4<';07.2 01 G 75 257 137 70 1&256 125 33 . 0 • 0 
I; I , 0 ~., ~ Ll G 75 25 7 107 70 1G256 185 33 • 0 . o 
liL;C9 .3 01 G 75 2 57 187 70 1[;256 185 33 . 0 • 0 
l;l:l C: . 3 0 1 (\ 75 257 187 70 18256 1 1:: 533 . () • 0 
4411.3 81 (; IS 25 7 187 70 18256 lGSJJ • 0 • 0 
l, l. l'.!.. .4 0 1 6 75 257 1S7 70 1f256 1L5 33 • 0 .o 
l1 L1 13, :1 Sl 6 75 257 187 70 18256 18533 .o .o 
'•O:.l l;,L, 81 6 75 257 187 70 1.8256 18533 .o .o 
TABLE # 3: WANDER FACTORS FOR RIGHT FRONT AND LEFT REAR ODOMETERS 
RANGE 0RF 0LR RANGE 0RF 0LR 
. 1 1.07 1.16 4.4 . 936 .944 
.2 .923 .936 4.5 .936 .931 
.3 .953 .949 4.6 .813 .791 
.4 .829 .839 4.7 .903 .895 
.5 .800 .797 4.8 .990 .967 
.6 .764 . 716 4.9 .967 .940 
.7 .944 .953 5.0 .936 . 911 
.8 . 911 . 895 5.1 .936 .945 
.9 . 911 .891 5.2 .967 .927 
1.0 .990 .962 5.3 .940 .919 
1.1 .927 . 911 5.4 1.005 .971 
1.2 . 887 .883 5.5 1. 005 .985 
1.3 .944 .936 5.6 .936 . 919 
1.4 .944 .940 5.7 .949 .923 
1.5 . 971 .967 5.8 .468 .460 
1.6 .794 .800 5.9 .530 .523 
1.7 . 931 .923 6.0 . 891 . 853 
1.8 . 813 .807 6.1 .944 .940 
1.9 . 949 .949 6.2 . 716 .684 
2.0 .875 .879 6.3 .985 .944 
~. l . 981 . 958 h.4 - 91 fi _ ~N1 
2.2 1. 015 1. 005 6.5 .927 .875 
2.3 . 911 .895 6.6 . 850 .839 
2.4 . 861 .853 6.7 . 718 .711 
2.5 .953 .936 6.8 .500 .490 
2.6 .927 .907 6.9 .694 .680 
2.7 .779 .767 7.0 .639 .637 
2.8 . 868 .879 7. 1 .736 .736 
2.9 .936 .927 7.2 .696 .682 
3.0 .535 .528 7.3 . 781 .767 
3.1 .953 .923 7.4 .314 .299 
3.2 .891 . 903 7.5 .976 1. 000 
3.3 .953 . 931 
3.4 . 981 .958 
3.5 .919 . 931 
3.6 .940 .923 
3.7 . 891 .887 
3.8 . 971 .967 
3.9 . 931 . 931 
4.0 . 971 .967 
4.1 .879 .864 
4.2 .723 . 734 
4.3 .927 .895 
TABLE #4 COMPARISON OF EVA- I I TRAVFRSE DATI\ FR0~1 USGS, VLBI AND 
SEP-LRV NAVIGATION DATA 
STATION RANGE ( J(m) BEARING 
SEP-LRV SEP-LRV 
VLBI USGS NAV DATA VLBI USGS NAV DATA 
EP-4 . 500 .538 . 508 80.4 80 83 
LRV-1 2.603 2.603 2.645 80.9 78 82 
LRV-2 3.750 3. 729 3. 811 81.4 86 83 
LRV-3 4.248 4.253 4.325 80.2 87 82 
HOLE IN THE 
WALL 5.638 5.683 79.5 81 
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APPENDIX C 
REPLY TO 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 77058 
ATTN OF: TN2 February 6, 1973 
MEMORANDUM 
TO: Distribution 
FROM: J. D. Redman 
SUBJECT: SEP-Data from Station #4 to Station #5 
The data that was recorded on the DSEA after station #2 is subject to 
numerous dropouts and variations in the 5.2 kHz reference frequency. 
Because of these problems it has been difficult to recover any useful 
data; however, with more expenditures of time it will be possible to 
recover a large proportion of the data. 
It was not clear whether the receiver was turning on and off under 
the control of the thermal switch or whether it remained on for the 
complete run from station #4 to station #5. When the receiver was 
turned on at station #4 the temperature was reported by the astronauts 
to be ll2°F and at station #5, thirty minutes later it was still at 
112°F. The thermal cutoff had been measured during tests on the 
ground as occurring at 114.5°F for this receiver. It was thought 
during the mission that the receiver was probably turning off when it 
reached this thermal cutoff and then on again when it had cooled 
sufficiently. 
All the data from station #2 to the end of the recorded data was 
recorded on oscillograms at 16 ips to enable a visual inspection of 
the VCO data. By observing the mode indication and measuring the 
time between sync frames (nominal 6.48 sec) it was possible to tell 
if the receiver turned off. 
The receiver did turn off at tape time 01:41:12 which corresponds to 
the turn off at station #2. From that point until the end of the data 
the receiver did not turn off. The recorded temperature at the 
beginning of this run was 105°F and at the end 113°F. The receiver 
was in mode 1 during the complete run and received no reset pulse 
from the transmitter. The elapsed time from turn off at station #2 
to the end of the data was measured using the sync frame in the VCO 
data as a time reference. This elasped time was 30 minutes 15 seconds. 
The elapsed time between turn on at station #4 and turn off at station 
#5 as reported by the astronauts was 30 minutes and 31 seconds. 
2 
All this evidence suggests that the receiver was turned on at station 
#4, that the temperature at that time was misread by the astronauts 
as ll2°F where the data suggests it is l05°F and that the receiver 
stayed on until station #5 with no resynchronization with the transmitter. 
The temperature at station #5 reported by the astronauts as 112° agrees 
with the recorded data which gives a temperature of 113°. The 
temperature was not read when the receiver was turned on at station 
#5 but was ll2°F when the receiver was turned off at the LEM. It 
appears that the temperature rose above the cut off of ll4.5°F at 
station #5 and in EVA II it never again cooled below the 108°F 
required for the receiver to turn on again resulting in no data 
being recorded for the rest of EVA-II. 
Since the receiver did not receive the synchronizing code that is 
necessary to resync itself with the transmitter the relationship 
between the transmitter and receiver timing is not known. It is 
conceivable that if the power levels received from the transmitter 
were well above the background that a pattern in the received signal 
strength will allow a determination of this relationship. In any case 
there is the problem of data dropouts that effects the VCO data and 
the navigation data. Further investigation and attempts at recovering 
something meaningful from this data should make it clear whether such 
attempts are worthwhile in the sense that significant results will be 
produced. 
y~~. (J. D. Redman 
Distribution: 
D. w. Strangway 
R. D. Watts 
D. Cubl ey 
G. Simmons 





NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 77058 
TN2 February 6, 1973 
MEMORANDUM 
TO: Distribution 
FROM: J. D. Redman 
SUBJECT: SEP Receiver Temperature Data Recorded During EVA-II 
All the temperature data recorded on the DSEA tape has been plotted 
and is shown on two accompanying figures. During the plotting the 
sample period where the VCO frequency is measured the temperature data 
was monitored on an oscilloscope which allowed for sample periods that 
were not entirely within the temperature word to be rejected before 
plotting. This was particularly important for the data from station 
#4 to #5 where there are timing problems caused by data dropouts. 
The calibration used in plotting the temperature is a straight line 
fit to the data shown in figure #3. 
T = .073f - 46.6(T- Temperature °F,f - Frequency in Hertz) 
The value of the 5.2 kHz reference frequency is used to help correct 
for tape speed fluctuations that occurred in the DSEA during recording 
and playback. During the traverse from station #4 to #5 the 5.2 kHz 
oscillator frequency changed from 5247 Hz to 5300 Hz. This necessitates 
corrections being applied to the temperatures shown on the plot in 
figure #2. The corrected temperature at station #4 is 104°F and at 
station #5 is ll3°F. 
The temperature reported by the astronauts at GET 140:46:46 was 80°F. 
The reading from the SEP data 43 minutes later was 84°F. At station 
#2 the crew gave a reading of 105°F and the recorded data gave a 
temperature of l06°F. All these values are quite consistent with one 
another; however at station #4 the crew read the temperature as ll2°F 
whereas the data gives 104°F. At station #5 the crew reading was 
2 
l12°F and the data gives ll3°F (corrected value). It appears from 
other arguments explained in the memo 11 SEP-Data from Station #4 to 
Station #5 11 that the discrepancy at station #4 is best explained 
as a misreading by the crew. Generally there is good agreement for 
three of the four readings reported by the crew. The instrument 
appears never to have come on· past station 5 and this could well 
be because the receiver reached its thermal cutoff of 114.5°F and 
did not cool below the 108°F necessary for it to turn on again 
~ELi: d· D. Redman 
3 Enclosures 
Distribution: 
D. W. Strangway 
R. D. Watts 
D. Cubley 
G. Simmons 















FIG#2 TEMPERATURE OF SEP RECEIVER 
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APPENDIX E 
UNIVERSITIES SPACE RESEARCH ASSOCIATION 
THE LUNAR SCIENCE INSTITUTE 
MEMORANDUM ATE: Dec. 10, 1973 
To: SEP Distribution 
FROM: Ray Watts ~ mu 
SuBJECT: DAS Digitizing Accuracy 
To evaluate the contribution of the digitizing process to the end-to-
end SEP system error, David Redman generated two digital tapes with the 
Data Acquisition System identically configured. These have been desig-
nated SEP402 and SEP403. They are the basis of the final version of 
SEP lunar data. 
The following operations were performed for the error study: all 
measurements were converted to frequency. Frequency measurements were 
compared on a one-to-one basis between the two tapes. The average of 
the two frequency measurements was used to classify the frequency into 
one of 26 frequency groups spanning the ranges (400-500 Hz., 500-600 Hz., 
... , 2900-3000 Hz.). The discrepancy between the two measurements was 
then used to build an error distribution for each of the frequency groups. 
The error values are summarized on the attached line graph. The minimum 
values clearly occur in the midrange of frequencies, 1-2 KHz. Above 2 I..'~ 
KHZ. I errors increase because the constant number of cycles ( 5 r~or C.he-' ~::v 
VCO which are measured constitute a very short time interval (1.3 - 2.5 
msec.). The granularity of the microsecond timer is not as important an 
effect as the short-term variations in the DSEA "5200" multivibrator 
reference oscillator. At lower frequencies, the distorted waveforms 
recorded by the DSEA cause detection of false or undependable zero-
crossings. The distributions indicate that when ti~ing has bean r e peated 
exactly, so the same cycles have been counted, then zero error results. 
A one-cycle shift in the counting frame probably accounts for most of the 
errors. 
Also shown on the line graph are the amplitude me3surerrtent errors corre-
sponding to the frequency errors. These were computed on the basis of a 
constant 1 dB ./27 Hz. calibration assumption for the VCO. 'l'he act:ual 
si t uation is somewhat worse, for at the ends of the curve there ·i ~' a ~Jrr· ;~ I ,. 
- 2 -
dB. change per Hz. than has been shown. From a computational standpoint, 
the accuracy of the measurements is quite poor -- a sacrifice which was 
necessary to obtain the desired dynamic range. This level of error 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 77058 
ATTN OF: TN2 January 31, 1973 
MEMORANDUM 
TO: Distribution 
FROM: J. D. Redman 
SUBJECT: SEP-False Reset Indication in Data from EVA-II 
In his memo of January 18, 1973, 11 SEP-Limitation in Apollo 17 
EVA II data tape, 11 Larry Bannister pointed out that the reset pulse 
that occurred at the range 5.0 km was a false reset pulse that 
realigned the receiver timing relative to the transmitter. This 
reset pulse has been looked at more carefully on oscillogram strip 
charts and on a storage oscilloscope using the SEP receiver timing 
and the acquisition system to determine exactly where it occurred · 
in the receiver timing chain. 
Figure #1 illustrates that the reset pulse occurred in frame 20 
when the transmitter was transmitting at 8 MHz on the NS antenna 
and 32 msec ± 2 msec from the start of that frame. The receiver 
was in Mode 1 during this 6.48 sec record with theY receiving 
antenna connected. From this point to Station #2 the receiver was 
realigned relative to the transmitter. 
The realignment of the receiver and transmitter timing is shown in 
Figure #2. This assumes that the receiver and transmitter timing 
had not drifted an appreciable amount since the last true reset 
pulse. There is an additional 9.5 msec offset that is not shown 
in the figure for the sake of convenience in the illustration. 
It is apparent from this diagram that some useful data, as indicated 
by the shaded areas, could be recovered at 32 MHz from the broadside 
antenna. This may be of dubious usefulness since the signal levels 
at this range are quite low (<-120 dbm). During the remainder of 
the 6.48 sec period, where the transmitter and receiver frequency 
do not correspond, some data is available at all the SEP frequencies 
on the Rover noise levels and/or other background noise sources. In 
using this data, consideration should be given to the level of the 
harmonic and non-harmonic frequencies generated by the SEP frequency 
that is being transmitted and as well the characteristics of the 
bandpass filter in the receiver should be investigated. 
2 
A first glance at these problems suggest that the harmonically 
related signals are at least 20 db below their fundamental and all 
non-harmonically related signals are at least 50 db below the 
fundamental frequency. The receiver filters give a rejection of 
40 db for the other SEP frequencies, it appears that these other 
sources cannot have high enough power levels to influence the 
~~~~measurements. 
a. D. Redman 
2 Enclosures 
Distribution: 
R. D. Watts 
D. W. Strangway 
J. Groener 

































































































































































































































































































From: J.D. Redman 
SUBJECT: Discussion of Calibration Data and Transmitter-Off 
Data Recovered from the SEP Lunar Data 
Calibration Data: 
An internal noise source i n the form of a noise d i ode 
was provided in the SEP receiver to give a known power level 
that was measured during each Data Subframe and that was 
alternated between the different SEP frequencies in 
successive Data Subframes. This internal reference when 
recovered from the recorded data would give some confidence 
that the receiver was performing as expected. Because the 
noise diode output is not exactly repeatable over the short 
term (i.e. 11 msec. sample period) it is not useful as a 
direct calibration but functions more as an indicator that 
the receiver is operating normally. During this same period 
when the noise sources were measured the receiver front end 
noise was monitored by disconnecting the inputs. 
The calibration data were measured before the mission in 
the Thermal Vacuum tests at low (l5°F), ambient (66°F) and 
high (ll2°F) temperatures. The measurements were taken 
in terms of the VCO output frequency. All the data of interest 
- 2 -
which is the data taken while the Receiver was in Mode 2 
during EVA 2 is in the temperature range 84°F to 95°F. The 
Thermal Vacuum test data were interpolated to calculate the 
relevant Noise Diode VCO output frequency at these inter-
mediate temperatures. In this way it was possible to 
compare the earth based measurements from the Thermal 
Vacuum tests with the recovered Lunar data. For each noise 
diode measurement the difference from the earth based 
measurements was calculated. The average of all these 
differences, referred to as the mean error was computed for 
each SEP frequency along with the standard deviation of this 
mean error. This data is given in table fl. 
The mean errors for the Noise Diode at the lower SEP 
frequencies are larger than its standard deviation and thus 
the differences are probably real. The Noise Diode +20 db 
measurements do not have siginificant mean errors. An 
important aspect of this data is that all the mean errors 
are positive. That is, the Lunar data gives apparently higher 
VCO output frequencies than the data measured during the Thermal 
Vacuum tests . It is possible that this is an artifact produced 
in the data reduction procedure. This mean error is plotted as 
a function of the VCO output frequency in Figure #1 for the 
Noise Diode and the Noise Diode +20 db data. This plot is 
possible because the Noise Diode VCO output frequencies are 
different for the different SEP frequencies. 
- 3 -
The Receiver Front End Noise data are given in table #1. 
The power levels at 16 mhz and 32 mhz are significantly higher 
than the values measured during the Thermal Vacuum tests. These 
anomalously high values will be discussed later with respect to 
the transmitter-off data. 
In conclusion the Noise Diode calibration data gives 
apparently different VCO output frequencies from those measured 
before the mission and the Noise Diode +20 db calibration data 
is in agreement with the pre-mission measurements. 
Transmitter-Off Data: 
The data that will be discussed here is for the section 
of the traverse from the SEP transmitter site out to a range 
of 1.6 km. There has always been some concern that electro-
magnetic noise generated by the Lunar Rover systems such as 
the drive, and steering motors and brakes would be of a high 
enough power level to interfere with the signal from the 
SEP transmitter or any cosmic noise components. For this 
reason, measurements were made of the EMI levels generated 
by the LRV on the earth during the LRV/LCRA mission 
simulation and baseline data tests for Apollo 16. These 
tests were the subject of two memos (March 8/72, Reduction 
and Interpretation of Data from the SEP Receiver Taken 
During the LRV EMI Tests and June 6/72, Some Final Comments 
on the LRV EMI Tests) which were included in the U of T 
monthly reports. 
- 4 -
From the analyses of the data taken during these tests 
it was found that during periods of driving, steering and 
braking interference was generated that was 11 db above the 
normal background level at 32 rnhz, 17 db above the background 
level at 16 mhz, and 8 db above the background level at 8 mhz. 
The other frequencies had no perceptible increase in noise 
levels during these periods. The 16 mhz data had a constant 
noise level 9 db above the background even when the LRV was 
not driving. 
The Transmitter-Off data from Lunar TAPE #S£P~~has 
been separated into two groups; one for data taken when the 
LRV was moving and the other for data taken when the LRV was 
stopped. There are approximately 10 data points for each 
antenna and frequency combination in the data group for the 
LRV stopped and about 40 points for the LRV moving. Statistics 
computed from these two sets of data is given in table #2 . 
This data is also presented in graphical form in figures 2, 
3 and 4, where the average received power levels for the two 
data groups and for the Receiver Front End Noise have been 
plotted at the different SEP frequencies. In figures 5 through 
10 histograms are given for each SEP frequency and receiving 
antenna. The received power levels were divided into 2.5 dbm 
intervals and the number of measurements in each interval were 
counted. All the data was then normalized to the same total 
number of measurements. 
- 5 -
It is clear from this data that the average background 
levels are higher when the LRV is moving than when it is 
stopped. Presumably the source of this noise is from the 
LRV systems such as the drive and steering motors. The 
background noise when the LRV is stopped is as expected. 
That is, it is higher than the receiver front end noise 
levels; however the 32 mhz receiver input noise is higher 
than the background noise levels for some unknown reason. 
The 16 mhz data has a constant higher noise level even when 
the LRV is stopped indicating that the source is something 
other than the LRV drive motors. This noise was also 
observed in the data from the Apollo 16 LRV EMI tests and 
was attributed to some unknown external source. 
In figures 11 through 16 the Transmitter-Off data 
have been plotted as a function of the LRV velocity. There 
is a trend indicating that the increasing velocity results 
in increasing background noise levels which would be 
expected from the increasing drive motor currents required 
at the higher velocity. This is particularly evident for the 
16 mhz data. 
When the LRV is moving there is an increase in the 
background noise level caused by the LRV drive systems that 
is evident on the histograms at all the SEP frequencies. 
Therefore, any received power levels that are more than 
2~ higher than the average receiver front end noise levels 
- 6 -
are probably due to LRV sources (driving, steerin g and 
braking systems) and cannot be attributed to any cosmi c 
noise sources. If there is any cosmic noise that is 
detectable it would only be seen when the LRV is stopped. 
In figure #17, the data group for the LRV stopped is 
presented in another format. The average power and the 
standard deviation for the Receiver Front End Noise was 
computed. The total number of data points that were i n the 
intervals -tr to +OJ o- to 2cr, 2CT to 3<:r, 3<T to 4o- and 40" to oe 
were normalized and plotted for the different SEP frequencies . 
The expected values for a Normal distribution have also been 
plotted for comparison. The 32 mhz data was not included here 
because the average value of the Receiver Front End Noise 
is anomalous at this frequency in that the power level is 
higher than the Tx-Off power levels. 
From this data it appears probable that there is some 
received power levels significantly above the Receiver Front 
End Noise at 2 mhz, 8 whz and 16 mhz when the LRV is stopped. 
The source of these signals could be the LRV systems or cosmic 
noise. During the LRV EMI tests on the Earth for the Apollo 16 LRV 
the only SEP frequency that had siginificant interference, when 
the LRV was stopped, was 16 mhz but it was concluded that the 
source of this noise was not the LRV since it was present even 
when none of the LRV systems were operating. Before a more 
definitive statement can be made as to the source of this noise 
power it will be necessary to analyse in detail the Tx-Off data 
from the Apollo 17, LRV EMI tests. 





































Rx INPUT NOISE 
Thermal 
Lunar Data 















TABLE #2 TRANSMITTER-OFF DATA STATISTICS 
Freq. Average X dbm ax dbm Maximum dbm Minimum dbm 
mhz Moving Stopped Moving Stopped Moving Stopped Moving Stopped 
1 -131.7 -132.7 +1. 73 +1.05 -126.0 -130.8 -134.6 -134.6 
-2.16 -1.20 
2 -130.6 -130.6 +1.51 +1.37 -127.1 -128.5 -134.2 -133.3 
-1.83 -1.63 
4 -134.9 -134.9 + .17 0 -134.8 -134.9 -134.9 -134.9 
+ .17 0 
8 -133.8 -133.9 +1.08 +1.03 -131.5 -131.6 -135.0 -135.0 
-1.23 -1.17 
16 -123.1 -129.3 +2.20 +2.63 -119 .o -124.8 -130.4 -132 . 7 
-2.96 -3.80 




Freq. Average Y dbm cry dbm Maximum dbm Minimum dbm 
mhz Moving Stopped Moving Stopped Moving Stopped Moving Stoppe d 
1 -128.2 -133.1 +2.96 +1.91 -120.0 -128.1 -134.6 -134.6 
-4.53 -2.46 
2 -125.1 -129.8 +2.33 +2.27 -119.0 -124.1 -128.9 -134.2 
-3.19 -3.08 
4 -133.2 -134.9 +1.83 0 -128.8 -134.9 -134.9 -134.9 
-2.46 0 
8 -129.5 -133.4 +1.61 +1.86 -125.1 -129.4 -134.3 -135.0 
-1.98 -2.37 
16 
-119-1 -126.8 +2.21 +3.75 -115.7 -120.2 -126.7 -132.8 
+2.96 -6.74 
32 -126.1 -133.0 +2.62 +2.93 -121.6 -126.7 -134.6 -134.6 
-3.77 -4.43 
Freq. Average Z dbm Oz dbm Maximum dbm Minimum dbm 
mhz Moving Stopped Moving Stopped Moving Stopped Moving Stopped 
1 -130.3 -131.9 +2.54 +2.47 -123.2 -125.6 -134.2 -134.6 
-3.60 -3.46 
2 -128.2 -131.3 +2.88 +1.85 -122.1 -126.4 -133.7 -133.4 
-4.33 -2.36 
4 -134.0 -134.9 +1.98 0 -126.8 -134.9 -134.9 -134.9 
-2.57 0 
8 -132.4 -133.3 +1. 74 +1.99 -128.8 -129.0 -135.0 -135 .o 
-2.18 -2.59 
16 -129.7 -132.5 +1.51 + .76 -127.1 -131.0 -133.2 -133.5 
-1.83 - .84 
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The Data Acquisition system could be optimally operated 
for processing navigation data or science data but not both 
simultaneously. The final DAS digital tapes were therefore 
different for the two types of data. They were: 
FINAL NAV TAPE 
SEP304 





Navigation and science data, coming from separate 
tapes, were processed separately. They were merged only 
in the final stages of processing, when they were as error-
free as possible. The description of data processing is 
consequently divided into two parts which separately describe 
navigation and science data processing. The merging and 
converting to BCD format are described at the end of the section 
on science data processing. 
NAVIGATION DATA PROCESSING 
Figure 1 shows the processing flow for navigation data. 
Its format has been described in the report on data digitizing 
by the DAS. The nav data occupied the end of each record. 
The first program, NAVSTRIP, scanned tape SEP304, discarding 
science data and keeping only nav data. With no processing, 
-2-
this was written into drum file SEP304-NAV. 
For more efficient use of the drum and for greater 
ease in accessing the nav data on a bit-by-bit basis, it was 
reconstructed into equal-size blocks and written into drum 
file SEP304-BLOK by the REBLOK routine. This file, which 
still contained raw data, was made accessible on a bit-by-bit 
basis through the function subprogram RAWBIT. RAWBIT could 
return the value of any bit in a record of SEP304-BLOK on a 
random basis. Since SEP304-BLOK was a sequential file, 
however, the various records had to be accessed in ascending 
order. 
The first documentary look at the navigation data was 
provided by the program BITBLAST. Through the vehicle of 
RAWBIT, a bit-by-bit dump of the navigation data was printed 
by BITBLAST. Because of the 7-bit repetition sequence in the 
nav data, bits were grouped by 7's. The alignment of the sync 
bit was obvious. Places where the sync bit was not 1 or where 
it changed position due to erroneous extra or missing bits 
were readily identified. 
Manipulation of the navigation data started in the 
FINDERRORS routine. Given the position of the sync bit in 
a 7-bit group, this routine searched succeeding groups until 
a zero occurred in that bit position. At that point, either 
the sync bit was erroneously zero or it had shifted due to 
recordi ng or digitizing problems. The data in the vicinity of 
-3-
the anomaly was printed out in 7-bit groups. Visual 
inspection yielded the new sync position without difficulty. 
This was typed into the interactive routine (FINDERRORS), 
which proceeded as before up to the next sync error. This 
procedure guaranteed that no sync anomalies were overlooked. 
Shifts in sync position implied the erroneous loss or 
insertion of bits. The function BIT/SEP304 was coded as a 
front-end routine for RAWBIT. It checked for calls for 
erroneous bits, intercepting the incorrect value which would 
be returned, and making whatever corrections seemed most 
appropriate. The ever-increasing shift which resulted from 
more and more missing bits was accounted for by adjusting bit 
numbers by a shift which was updated in each error region. 
This routine was checked by running it through the FINDERRORS 
routine, which verified that all readjusted sync bits were 
l's. All missing bits but sync bits were set to 0 by BIT/SEP304. 
Once the sync pattern had been made regular by BIT/SEP304, 
sync bits provided no information. The nav data, without sync 
bits, was copied to drum file SEP304-STACK by the RESTACK 
program. RESTACK used the BIT/SEP304 function, merely skipping 
every 7th bit. The six bits of each nav bit-group packed 
conveniently into the 36-bit 1108 word. 
The now-restructured, corrected and compressed nav data 
were dumped in six-bit groups by STACKBLAST. This printout 
gave a completely regular bit pattern for manual study. 
To compare with printouts produced by the Wang 720, and 
-4-
to further identify possible errors, the times and accumulated 
counts of range, bearing, left and right odometers were 
printed by RBUPS for each update of range or bearing. These 
updates had been hand-checked by D. Redman on strip-chart 
records of the nav data. The only problem which was found 
was an erroneous range-down pulse. The routine FIXUP copied 
SEP304-STACK into a new file of the same name, deleting the 
erroneous bit. This updated SEP304-STACK was the f inal 
version of navigation data in bit form. 
As a check on the accuracy of the data in SEP304-STACK, 
the COUNTER program totalled the odometer counts for each 
odometer, from the transmitter site to the stop and sync 
loss at 4.3 km. These totals agreed with D. Redman's totals 
calculated on the Wang 720. 
Processing of the corrected raw navigation data in 
SEP304-STACK commenced with the computation of the "range-only 
wander factors", or ROWFs,by the program ROWF. ROWFs consist 
of the ratio of distance travelled, as calculated from the 
odometer, to the 100 m interval between range updates. ROWFs 
were calculated for each odometer, and were later applied in 
the use of the odometer as a range interpolator. They were 
stored in the drum file SEP304-ROWFS. 
As an aid in finding times of Rover stops, and to obtain 
an indication of Rover speed, VELAN computed the average 
speed of each odometer wheel (right front and left rear) in 
-5-
each 6.48 sec interval corresponding to a record. During 
deployment of Explosive Package 4 (EP-4) for the Lunar 
Seismic Profiling Experiment, the Rover was driven in a 
circle. The velocity discrepancy between left and right 
wheels during this turn was clearly seen. 
The process of estimating the range by using the odometer 
as an interpolater between range updates is valid only if 
the Rover is traveling approximately in a straight line. 
The one area where this was known not to be the case was 
during the turn at EP-4. The program ARROW deleted the 
odometer pulses during this turn, saving the modified nav 
data bit file as SEP304-ARROW. This file was used as input 
to the ROWF program to get a new set of range-only wander 
factors. The only difference between this set of ROWFs 
and the earlier one was in the immediate vicinity of EP-4. 
The new set of ROWFs was stored as ARROW-ROWFS. 
In preparation for merging with the science data, ranges 
were computed from SEP304-ARROW and ARROW-ROWFS by the program 
RANGER. RANGER used ARROW-ROWFS to interpolate between range 
updates using both left and right odometers. The mean range 
determination was used. Range was calculated for each 202.5 msec 
frequency-frame, from the transmitter site to 4.3 km. These 
ranges were stored on drum file ARROW-RANGES. 
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E OF": 21 
0 :P 50 
*SDF"F"* 
C F"IXUP 
INTEGER BUF"C 112> 











2 CALL RDWAITC3,BUF",ll2,$9,$9,$9) 
CALL WRWAITC2,BUF",112,$9,$9> 
IREC=IREC+1 
G 0 TO 2 
9 WRITEC6,601>IREC 




E OF": 21 
0 : 
FI~IAP 
( :PE~ETE S GL/i!.oNEOUS 
R- PIALS.E rl!cM 
SEP..3o4- ~TA CJ<) 







































" fl ~~ r. ~- rt ~· I Y '" fl ~' n F. I? r ~ r T 0 c• <.., 
( n 1-' '-'I' T F ---; ., ~ • · <) F f-.' F fl ( T I' f? <; n ~· P A c; T <.., n F P ' · • • (, r· A ~· n " " 0 -:-:. 
1 • 1 T F r. F 1~ R fl ~'' P I T , I ~.· n I ro I n I I '?I l r:- I" , f- r:- f If n I rt I r , .. ~ ' F '" 
r;> A • r; F I 1 I P fl r ( I 1.1 I P P , P I ~ , Q r n I C: I I !'.> n I (l I 
I< r:- ~ " t·• A ·.· T I • F ( · • 1 ~~I IT f c:; ) 
~~ r A :·1 1 c.. , ,.._ 11 n 1 ·r M fl. x 
L r · n r () p '. A T ( ,- 1 f j • /- ) 
''' P 1 T F ( 1-, • h I I I I I T '~ fl { 
f,r n FnP >•.rTI • 1 •~ · ~~~·nr ·· FflrTnP PF ·rr · P•-·r ~·~Tir , ~· · 1 
F ' c • - ~ ' • ' ' I . I I I T F c; n F n -~ T fl , .. I I 
r (H.! '' r P T ~q ~- : 11 T F S T n 11 I T T I '1 r <; 
1 n ~'-' ~ ~ = T ·- · I' v • f . n • 1 • 1 1 1 1 ? • . 
•; ( ,., . , T II r · I' A r II 
f)(l I f> ,- 1 t 1 I ' M 1\ X , I 
1
-' n : II fl ,,. f> 1 1' ( T " , '1; 1 ,-1 ) 
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I P n = I P n + f~ A '' ' r- I T I r P -t- •, , <f; 1 fl l 
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COMPliTF NfW RANr;f A ~lf) TF<;T 
RI\CC,PArC+RP-RI"I 
JF(R~NGr-RACCl~,J,l 




r,n TO 1 
'4 CIILL. PRTR 
CflNTTNUF 
H ,- I ' •. n r r· c; r; f.- '1 • 
r 
c 




(OMPilTF,PRINT, liND RFORGIINTZE 
R A ~I r, f = R A N G F. + I 
ROWFPF=t00./.~9/IRFNFW-RFOLOI 
R n W F l R = I 0 0 • I • q 9 I I L R ~~ F \!II- l R 0 I f) ) 
OTST=•I•RANGE-•1~ 
JFCP~NGF•GT.21Gn TO I 
ROWF'Pfz:POWFRFI'lo 
ROWFf R=POWFL Rl2, 
(ONTTI'IUF" 
PF'"Ot.f"'=RFNEW 
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RFAn NO. OF RLOCK<; TO COPY 
WRITFI6,600l 
6nn FORMAT!• NO. OF ALOCKc; 1 ) 
RfAOI~,c;OOlNRLOCK 
c; n n F 0 R '~ A T ( T Lf l 
COPY 
CALL PRrAOITNtRLOCK,lt2,41i3,'1i3,,;3) 
110 I N=t ,NALOCK 
IRUF'=3-TBUF 
CALL PRFAI11TNtBLOCK!l,IAUFI,l12t$3t~3,.3l 
CALL PWPJTEIOUT,FHOCKI 1 ,3-JRUF) t 112,$'3,$~) 
N=Nqi..OCI< 
1 c 1\ L I . p if.! 'II A T T ( 0 I 1 T I $ 2 ' • ? ) 
CALL F"ll ENDIOIJTI 
WRJTFI6 1 601 IN 




INTEGER ODOL/0/, ODOR/0/, RAWBIT 
DO 1 I = 1, 40762 
IBIT = 6*I - 1 
ODOR = ODOR + RAWBIT (IBIT, $2) 
ODOL = ODOL + RAWBIT (IBIT + 1, $2) 
IF (I.EQ. 31454 .OR. I .EQ. 40762) WRITE (6,600) ODOR, ODOL 
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A r n F0~MAT{ 1 Fio I) 
.:.>r T ltr.•l\1 
F'~n 
• 
VELOCITY VELOCITY VELOCITY VELOCITY VE LAN 
REC KIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT 
1 .00 .00 .00 .00 .00 .00 • 54 • vlvJ F {2.oM 
5 .54 • 27 • 54 • 27 1 • 91 1.63 2.72 2. 7 2 .s:EP3~4- AR~ 
9 3.54 3. 27 3.27 3.27 3·54 3.54 4.08 3.81 
1 3 4.90 4.90 5.44 5.72 8.71 8.71 9.26 8.98 
17 9o26 8o98 8. 7 1 8o98 9.53 9.53 10.07 9.53 VEt.Oe.IT IE S 
21 10.07 10.07 10.34 10.34 9.53 10.07 9.80 8.98 
25 10. 62 10.62 9.53 9.80 10.89 10.34 10.89 10.62 ~Jt-t-t. 
29 1 1.} 6 1 1 .t 6 9. 53 10.34 8-98 9.26 9.53 9. 2 6 
33 8.98 7.89 7. 62 7.89 8. 7 1 8o44 6.81 p,. 1 7 
37 8.98 8. 7 1 8. 17 8o44 8. 1 7 7.62 8·98 8. 17 
41 8. 17 8. 7 1 9o80 9.80 10.07 10.07 9.26 8o98 
45 4.36 3·81 2. 18 2· 18 3.27 3o81 .82 • 54 
49 1. 63 2. 1 8 • 27 .00 .00 .00 .00 .00 
53 .00 .00 .00 .00 .00 .00 .00 • 0 \-l 
57 .00 .00 .00 .00 .00 .00 .00 • 00 
61 • 00 .00 .00 .00 .00 .00 .00 • 0(7) 
65 .00 .00 .(?)0 .00 .00 .00 .00 .00 
69 .00 .00 .00 .00 .00 .00 .00 .00 
7 3 .00 .00 .00 .00 .00 .00 .00 .00 
77 .00 .00 • 00 .00 .00 .00 .00 • 00 
81 .00 .00 3.54 2.99 4.90 6. 26 6-fn 7.08 
85 9.26 8.98 7. 62 7.08 9o53 9.53 1 1 • 43 1 I ol 6 
89 8.98 8.44 8.44 8o98 9.53 9.80 9.80 10.34 
93 10.34 10.62 1 1 .t 6 10.89 8o44 8o98 10. en 10.34 
97 8.98 9.53 8o71 7.89 9.26 8.98 8o7! 9.26 
101 9.53 9.80 9.26 9.26 8. 1 7 9.26 8o98 8. 98 
105 9.26 9o80 9.80 10.07 9.80 10.07 9.26 9.53 
109 9o26 9.53 10-34 10.34 10.62 10.62 7.62 8. 17 
1 1 3 6.53 7.08 9.53 8.71 8o98 8o98 10.07 1 0. 62 
1 17 8. 17 8o44 7.89 7.08 8. 17 8.44 8.71 8. 7 1 
121 8. 7 1 8.71 8.98 9.26 9.53 9.80 10.34 10. 62 
125 9-80 9o80 9.53 9.80 10.07 10.34 10.34 9.80 
129 10.07 10.34 10.62 1 1 .t 6 9.53 10.34 8o7} 7.62 
133 5o44 s. 17 6.53 6o81 7.89 7.62 8.44 8. 7 1 
137 9.80 10.07 9.26 9.53 9. 53 8o98 8·71 g. 7 1 
1 41 10.07 10.34 9.53 9.80 9.80 9.80 1 1 • 43 1 1 ol 6 
145 12.25 12o25 1 1 • 7 1 11 .t 6 10.62 J0.07 10. 62 I I • 43 
149 1 1.} 6 1 1. 43 1 1 ol 6 10.89 10.89 10.62 1 1 .t 6 1 I ol 6 
1 53 11.98 11.43 9.26 10.07 10.34 10.89 9o80 10.34 
1 57 9.80 9·80 8. 17 8. 7 1 8o98 9o26 7.62 7.89 
1 61 10.34 10o07 9.80 8.98 10.07 10.07 10.07 9.80 
165 9.80 10· 07 8.44 8. 17 6.53 7.62 7.62 7.08 
169 7.08 6o81 7.35 7o08 7.62 7.08 7.62 8. 17 
17 3 7. 35 7o08 8.98 8-98 9.53 10.34 10.07 9.80 
177 9.80 9.53 9.53 9.53 9.26 10.07 8. 7 1 8.98 
1 8 1 1(~1. 07 10.07 10.62 1 1 • 1 6 11.43 11. 43 9-80 9-80 
18 5 10.89 11.43 10.07 10.07 8.71 8.44 8. 17 s.11 
189 8. 17 8·44 8.98 9.53 10.34 10.34 10.34 10.62 
193 8.44 8. 7 1 10.34 10.07 10.34 10.07 10.34 10.62 
1 97 9.53 10.89 7.08 7.08 10.34 10.34 10.62 10.34 
VELOCITY VELOCITY VELOCITY VELOCITY 
REG RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT 
201 9.26 8. 7 1 8. 17 7.89 9.26 9.80 1 1 .t 6 1 1 • 43 
205 9o80 10.62 7. 62 7.62 8o98 8.98 6.26 6.26 
209 8oL!4 7.89 9.26 10.07 11.43 1 1 • 7 1 1 1 • 43 1 1 • 7 1 
213 10.62 10.89 10.3L! 10.34 9.26 9.53 9.26 9.26 
217 8.71 9.26 9.80 10.07 9.26 9.53 8. 17 8. 17 
221 4.63 4.08 2.99 3oSL! 1 • 9 1 2. 18 .00 .00 
225 .00 .00 .00 .00 .00 .00 .00 .00 
229 .00 .00 .00 .00 .00 .00 .00 .00 
233 .00 .00 .00 .00 .00 .00 .00 .00 
237 .00 dH'J • 5 Lj • 5 Lj 4.36 3.81 7.89 6o81 
241 8.44 8. 7 1 9.80 9.53 9.26 9.53 ').?6 8· 98 
245 9.26 8. 7 1 10o3L! 10.89 10.34 10.89 1 1 • 7 1 1 1 • 7 1 
2~9 111Jo62 10.a~ 15.~74 1e.aa 9.26 9.58 ~.')~ ~.B'b 
257 7.08 7.08 6.81 6.53 7.08 7.62 8.71 9·30 
261 9.53 9.53 9.80 8.71 9.53 8. 7 1 9.80 9o8V.J 
265 7.89 7.89 8. 7 1 9.53 9.80 9.53 9.80 10· 34 
269 9.53 9.53 10.62 10.89 10.07 10.34 8.71 8.98 
27 3 9.26 8.98 7.89 8.44 7.89 7.89 9.53 8.98 
277 10.34 10.34 8·4Ll 8. 1 7 9o8VJ 10.34 }0.62 tel. 89 
281 11.43 1 1 .t 6 1 1 • 7 1 12.25 1 1 • 7 1 11.98 12.25 1 1. 98 
285 11.43 1 1 • 7 1 1 1.} 6 1 1. 43 1 1 • 7 1 1 1. 98 1 1 .t 6 1 1 • 43 
289 1 1 • 43 1 1 • 4 3 1 1. 43 1 1 • 7 1 12.25 1 1. 98 1 1 • 7 1 1 1. 98 
293 10·62 10.34 10.07 10.34 11 .t 6 1 1. 43 tel. 62 10.89 
297 8o98 8.98 1. 36 1. 3 6 4.36 2.72 4.63 4.63 
.301 6.81 7. 62 7.08 7.89 8. 17 7.62 8.98 8.44 
305 10.62 1 1 .t 6 10.89 1 1 ol 6 10.62 10.89 5.99 6.53 
309 7.35 6.81 8o98 s.7t s.12 s. 99 7.08 7.08 
313 9.53 9o80 10.07 }0.07 8. 17 8. 17 8·98 8o98 
317 10.07 9.53 6o81 7.08 Sol 7 5. 72 3.81 3o81 
321 4.08 3.54 2.45 2.99 .27 • 27 .00 .00 
325 .00 .00 .00 .00 .00 .00 .00 .00 
329 .00 .00 .QJ0 • 00 .00 .00 .00 .00 
333 .00 .00 .00 .00 .00 .00 1. 36 1. 36 
337 4.90 4.63 7.08 6. 81 7.08 7.35 7.08 7.08 
341 6o81 6o8l 7.89 7.89 7.62 7.62 7.35 7. 62 
345 8.}7 8.17 9.80 9.80 10-34 10.34 7.08 7.08 
3~9 s.f~ 8o44 e.:u, e.~8 8o74f4 9.26 ~."bf ~.$~ 
357 8.71 8. 7 1 9.53 9.53 7. 62 7.89 8. 17 7.35 
361 6.53 5.99 8. 17 8eL!4 9.26 9.26 7. 62 7.89 
365 8. 17 8o4L! 9.26 10.34 1 1 • 7 1 1 1 • 71 1 1 • 43 1 1 • 43 
369 8. 7 1 9.26 8. 17 g. 17 10.07 9.80 8.98 9. 53 
37 3 8.17 7.89 5.99 6.26 6o26 5.99 2. 7 2 3o54 
377 .54 1. 0 9 ·00 .00 .00 .00 .00 • 0l~ 
38~ .00 .00 .00 .00 .00 .00 .00 • 00 
389 .00 .00 .00 .00 .00 .00 .00 • 00 
393 .00 .00 .00 .00 .00 .00 .00 .00 
397 .00 .00 .00 .00 .54 • 27 4e90 3· 54 
R~WF' 
RANGE. ~IT~ Rl~.trT t...Efl AR~w- RowFS 
.05 6445 1. 0 7 4 1.160 FRoM 
.}5 9829 o923 .936 
.25 1 27 21 .954 • 949 
.SEP3()4 -ARRow 
.35 1 5931 • 830 • 840 
• 45 2 0 167 o800 • 797 
• 55 41905 .833 .823 
• 65 45055 .945 .954 
• 7 5 48157 • 91 1 .895 
. 8 5 51493 • 91 1 .891 
.95 54361 .991 .963 
1. 0 5 577 27 • 928 • 91 1 
1 • 1 5 61213 • 887 .883 
1.25 64093 o945 .936 
1. 35 67 669 .945 • 940 
1o45 70639 • 97 2 .967 
1. 55 7 37 05 .794 o800 
1.65 7 6441 o932 .923 
1 • 7 5 80065 o813 o807 
1. 8 5 83491 .949 .949 
1.95 87 17 5 • 87 6 .88 0 
2.05 90031 • 981 .958 
2.15 92809 1. 01 5 1. 00 5 
2.25 95977 • 9 1 1 o895 
2.35 99313 .861 .854 
2.45 102553 .954 .936 
2.55 105487 .928 .907 
2o65 117919 • 77 9 • 7 67 
2 · 7 5 121411 .868 . 88 0 
2.85 124291 .936 • 928 
2.95 1 3077 1 • 536 • 529 
3.05 1337 35 .954 o923 
3. 1 5 1 37 197 .891 • 90 3 
3o25 1397 95 .954 .932 
3o35 1 422 31 .981 • 958 
3o45 1 44847 .919 .932 
3o55 1 4897 5 • 940 • 923 
3o65 152425 .891 .887 
3. 7 5 1 55827 • 97 2 • 967 
3.85 1 67 569 .932 .932 
3.95 171061 • 972 • 967 
4.05 17 4949 • 880 .865 
4o 1 5 17 9491 • 7 24 .734 
4o25 182623 .928 .895 
4o35 198289 o936 .945 
4.45 20147 5 .936 .932 
4.55 205423 .813 • 7 91 
4.65 20887 9 • 903 .895 
4o 7 5 21 2137 .991 • 967 
SCAN:4R 
